^RAC  2612 
20  October  1964 


VS 


ZA-3  AIR  CUSHION 

vi:hicle  test  program 

FINAL  REPORT 


Prepared  for  the 

Office  of  Naval  Research 
Department  of  the  Navy 
Washington,  D.C. 

Under 

Contract  *4lOnr  4500(00) 


NOTICE 

Reproduction  In  whole  or  in  part  is 
permitted  for  any  purpose  of  the 
United  States  Government. 


DDC 
NUV9  1964 

U  I. 

imA  » 


v« 


Address  Inquiries  tot 

Director,  Advanced  Aircraft  Systems 
REPUBLIC  AVIATION  CORPORATION 
Farmlngdale,  L.I.,  N.Y. 


PAGES _ 

ARE 

MISSING 

IN 

ORIGINAL 

DOCUMENT 


CONTENTS 


SECTION 


PAGE 


INTRODUCTION 


1~1 


II  SUMMARY 


2-1 


III  OUTLINE  OF  PROGRAM 


3-1 


A. 

Introduction 

3-1 

B. 

Phase 

A: 

Overwater  Sea  Trials 

3-1 

C. 

Phase 

B: 

Surf  Tests 

3-3 

D. 

Phase 

Ci 

Long  Crested  Wave  Runs 

3-3 

E. 

Phase 

D: 

Overland  Runs 

3-4 

IV  VEHICLE  DESCRIPTION  4-1 


V  INSTRUMENTATION 


5-1 


A.  Introduction  5-1 

B.  Instrumentation  Installed  in 

the  VA-3  5-9 

C.  Instrumentation  Installed  in 

the  Workboat  5-13 

D.  Calibration  of  Doppler  Speed- 

meter  5-24 


VI  DISCUSSION  OF  RESULTS 


6-1 


A.  Performance  of  Propulsion  and 
Lift  Systems 

B. ,  Drag  Analysis 

C.  Operational  and  Model  Tests 
for  VA-3  Development 

D.  Stability  and  Control 

E.  Sea  Keeping 

F.  Operation  in  Surf 

G.  Operati'^n  Overland 


6-1 

6-24 


6-49 

6-54 

6-73 

6-94 

6-110 


iii 


CONTENTS  (Cont’d) 


SECTION 

PAGE 

VII 

RECOMME3JJDATIONC 

7-1 

VIII 

REFERENCES 

8-1 

A. 

Introduction 

8-1 

B. 

Aerodynamics  and  Hydrodynamics 
Reports 

8-3 

C. 

Stress  Analysis,  Weights,  and 
Noise  Reports 

8-3 

D. 

Dowty  Rotoi  Structures  Reports 

8-3 

E. 

Test  Reports 

8-4 

f. 

Model  Tests  Reports 

8-5 

APPENDIX 

A 

ANALYSIS  OF  ROLL  PERIOD 

A-1 

APPENDIX 

B 

ANALYSIS  OF  DAMPING 

B— 1 

ILLUSTRATIONS 


Figure  ?age 

4-1  3-View  of  VA-3  4-3 

4-2  The  VA-3  as  a  Di splacement  Vessel  4-4 

4-3  Skirt  Configuration  over  Water  4-4 

4-4  Skirt  Configuration  during  Land  Hovering  4-6 

4-5  Skirt  Configuration  While  Moving  up  Rantp  4-9 

4-6  Bow  Skirt  Detail  4-9 

4- 7  Aft  Flexible  Skirt  4-10 

5- 1  VA-3  Instrumentation  5-2 

5-2  Accelerometer  Connections  5-7 

5-3  Control  Surface  Position  Instrumentation  5-8 

5-4  Anemometer  Connections  5-11 

5-5  Resultant  Wind  Direction  Indicator  5-12 

5-6  Wave  Current  Meter  Calibration  Curve  5-16 

5-7  Wave  Height  Measuring  System  A  5-18 

5-8  Wave  Height  Meaning  System  B  5-19 

5-9  Wave  Meter  Circuits  5-21 

5-10  Wave  Meter  Circuit  —  Continuous  Measurem.ent 

System  5-22 


V 


ILLUSTRATIONS  (Cont'd) 


6-6  Port  Propeller  Blade  Angle  Calibration  6-16 

6-7  Rise  Height  Characteristics  of  the  VA-3  6-20 

6-8  Lift  System  Performance  Characteristics  6-21 

6-9  VA-3  Aerodynamic  Drag  Characteristics  6-27 

6-10  VA-3  Wave  Drag  Characteristics  6-29 

6-11  VA-3  Skirt  Drag  Characteristics  6-31 

6-12  VA-3  Drag  Data,  Comparison  of  Test  Data 

with  Theory,  Sea  State  0,  Headwind  6-36 

6-13  VA-3  Drag  Data,  CoKiparison  of  Test  Data 

with  Theory,  Sea  State  0,  Tailwind  6-37 

6-14  VA-3  Drag  Data,  Comparison  of  Test  Data 

with  Theory,  Sea  State  1,  Headwind  6-38 


vi. 


ILLUSTKaTIONS  (Cont ' d ) 


Fiqure 

Page 

6-15 

VA-3  Drag  Data,  Comparison  of  Test  Data 
with  Theory,  Sea  State  1,  Tailwind 

6-39 

6-16 

VA-3  Drag  Data,  Comparison  of  Test  Data 
with  Theory,  Sea  State  2.  Headwind 

6-40 

6-17 

VA-3  Drag  Data,  Comparison  of  Test  Data 
with  Tlieory,  Sea  State  2,  Tailwind 

6-41 

6-18 

VA-3  Drag  Data,  Comparison  of  Test  Data 
with  Theory,  Sea  State  3,  Headwind 

6-42 

6-19 

VA-3  Drag  Data,  Comparison  of  Test  Data 
with  Theory,  Sea  State  3,  Tailwind 

6-43 

6-2  0 

VA-3  Maximum  Speed,  Effect  of  Wave  Height 

6-44 

6-21 

Deviation  of  Test  Data  from  Theory,  Sea 

State  0,  Tailwind,  Drag  vs  Craft  Speed 

6-46 

6-22 

Deviation  of  Test  Data  from  Theory,  Sea 

State  0,  Tailwind,  Drag  ve  Craft  Speed 

6-46 

6-23 

Deviation  of  Test  Data  from  Theory,  Sea 

State  0,  Headwind,  Drag  vs  Relative  Wind 
Speed 

6-47 

6-24 

Deviation  of  Test  Data  from  Theory,  Sea 

State  0,  Tailwind,  Drag  vs  Relative  Wind 
Speed 

6-47 

6-2  5 

VA-3  Flexible  Skirt  Characteristics,  Total 
Head 

6-52 

6-26 

VA-3  Flexible  Skirt  Characteristics,  Volume 
Flow 

6-53 

VI 1 


ILLUSTRATIONS  (Cont'd) 


Figure  Page 

6-27  VA-3  Static  Stability  —  Displacement  Mode, 

Roll  Test  6-57 

6-28  VA-3  Static  Stability  —  Displacement  Mode, 

Pitch  Test  6-57 

6-29  VA-3  Hovering  Test  —  Heave  Stiffness  6-58 

6-30  VA-3  Hovering  Tests  —  Vehicle  Rise  Height  6-58 

6-31  VA-3  Hovering  Tests  —  Pitch  Stiffness  6-61 

6-32  VA-3  Hovering  Tests  *—  Roll  Stiffness  6-61 

6-63  VA-3  Roll  Natural  Frequency  6-62 

6-34  VA-3  Static  Stiffness  in  Pitch,  Overwater 

Test  6-68 

6-35  Effect  of  Lift  Engine  Power  on  Cumulative 
Probability  of  Bow  Acceleration,  Sea 
State  2 ,  eg  =  5.9  Inches  6-76 

6-36  Effort  of  Lift  Engine  Power  on  Cumulative 
Probability  of  Bow  Acceleration,  Sea 
State  3,  eg  =  5.9  Inches  6-77 

6-37  Effect  of  Sea  State  on  Cumulative  Probability 
of  Bow  Acceleration,  Minimum  Lift  Power, 
eg  “  5.9  Inches  6-79 

6-38  Effect  of  Sea  State  on  Cumulative  Probability 
of  Bow  Acceleration,  Meucimum  Lift  Power, 
eg  “  5.9  Inches  6-80 


viii 


ILLUSTRATIONS  vCont ‘ d) 


6-39  Effect  of  Sea  State  on  Cumulative  Probability 

of  Bow  Acceleration,  Miiiimum  Lift  Power, 
eg  =  12  Inches  6-81 


6-40  Effect  of  Sea  State  on  Cumulative  Probability 
of  Bow  Acceleration,  Maximum  Lift  Power, 
eg  =  12  Inches  6-82 


6-41  Effect  of  Center-of-Gravity  Position  on 

Cumulative  Probability  of  Bow  Acceleration  6-84 

6-42  Comparison  of  Bow  Acceleration  Data  for  Sea 

State  3  and  9-  to  12 -Foot  Confused  Sea  6-85 


6-43 


Probability  Distribution  of  Bow  Acceleration, 

Sea  Stats  3  6~87 


6-44  Comparison  of  Acceleration  Data  Measured 

at  Bow  and  at  Center-of-Gravity  6-88 

6-45  Comparison  of  Probability  Distribution  of 

Bow  and  Center-of-Gravity  Acceleration  G-89 

6-46  VA-3  Average  Pitch  Angle,  Sea  State  0  6-90 

6-47  VA-3  Maximum  Roll  Angle,  Sea  State  0  6-92 

6-48  VA-3  Maximum  Roil  Angle,  Sea  State  1  6-92 

6-49  VA-3  Maximum  Roll  Angle,  Sea  State  2  6-93 

6-50  VA-3  I'laximum  Roll  Angle,  Sea  State  3  6-93 

6-51  Spray  and  V/ake  Pattern  in  a  High-Speed  Turn  6-95 


IX 


ILLUSTRATIONS  (Cont'd) 


Figure  Page 

6-52  Spray  and  Wake  Pattern  at  High  Speed  6-95 

6-53  Spray  Patter,  from  Overhead  6-96 

6-54  Spray  and  Wake  Pattern  During  Intermediate 

Speed  Run  6-96 

6-55  Spray  Pattern  at  Intermediate  Speed  6-97 

6-56  Spray  and  Wake  Patterns  at  High  Speed  6-97 

6-57  Surf  Test  Diagrcuns  6-98 

6-58  Beach  Approach,  In  Outer  Surf  6-104 

6-59  Beach  Approach,  Entering  Inner  Surf  6-104 

6-60  Beach  Approach,  Moving  Onto  Beach  6-105 

6-61  Going  to  Sea  Across  S\irf,  Crossing  Wave 

Crest  6-105 

6-62  Going  to  Sea  Across  Surf,  Riding  Down  Back 

of  Wave  6-107 

6-63  Going  to  Sea  Across  Surf,  Heading  into 

Following  Breaker  6-107 

6-64  Transition  from  Land  to  Water  6-111 

6-65  Operation  over  Sand  6-111 

6-66  Riding  over  Marshland 


6-114 


ILLUSTRATIONS  (Cont ' d ) 


Fiqure 

Page 

6-67 

Traversing  Rough  Terrain 

6-115 

6-68 

Contour  Map 

6-117 

5-69 

VA-3  Radius  of  Turn 

6-118 

TABLES 


Table 

gMg. 

3-1 

VA-3  Montauk  Operational  Log 

3-5 

3-2 

ONR  Phase  A  Run  Index 

3-14 

3-3 

ONR  Acceleration  Run  Index 

3-17 

3-4 

Phase  B  Run  Index 

3-18 

5-1 

Instrumentation  SisroTsary 

5-4 

6-1 

Propulsion  System 

6-1 

6-2 

Lift  System 

6-2 

6-3 

Power  Plant  Data 

6-3 

6-4 

Propulsion  Engines 

6-7 

6-5 

Lift  Engines 

6-8 

6-6 

Roll  Frequencies  for  Various  Roil  Angles 

6-60 

6-7 

Damping  with  Propulsion  Engines  at  75-Percent 
Power 

6-63 

6-8 

Damping  with  Propulsion  Ej^ines  Stopped 

6-64 

6-9 

Damping  with  Minimum  Lift  Power 

6-64 

6-10 

Daunping  with  Maximum  Lift  Power  (33,000  RPM) 

6-65 

SECTION  I 


INTRODUCTION 


The  United  States  Marine  Corps  has  for  some  time  been 
interested  in  evaluating  the  technical  and  operational 
feasi^)ility  of  the  air  cushion  vehicle  (or  ground  effect 
machine)  in  the  aji^hibious  support  mission  of  an  amphibious 
assault.  Important  experimental  data,  however,  has  been 
lacking  on  the  capabilities  of  GEMs  in  rough  water,  in  surf, 
and  over  rough  ground.  In  a  con5>rehensive  study  of  the  Marine 
Corps'  requirements,  appearing  in  ONR  Report  ACR/NAR-26,  it 
was  recommended  that  "Experiments,  including  design  study 
aspects,  should  be  supported  on  certain  soundly  engineered 
vehicles  to  provide  data  for  establishing  the  feasibility  of 
a  5-ton  GEM." 

Under  certain  agreements  concluded  between  Vickers- 
Armstrongs  Limited  and  Republic  Aviation  Corporation,  the 
VA-3,  an  air  cushion  vehicle  in  the  5-ton“payload  class  and 
developed  by  Vickers- Armstrongs,  was  leased  for  experimental 
operation  by  Republic  at  its  Montauk,  Long  Islcind,  base. 
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Accordingly,  the  Marine  Corps  implemented  the  study  re¬ 
commendations  by  requesting  ONP  to  award  a  contract  to  Republic 
to  perform  certain  tests  with  the  VA”3.  The  primary  purpose  of 
these  tests  has  been  to  measure  per f omaince ,  establish  operating 
techniques,  and  observe  characteristics  of  the  VA-3  in  sea  states 
0  through  3,  in  heavy  breaking  surf  and  over  leindc  All  tests 
have  been  satisfactorily  concluded  emd  are  reported  upon  here. 
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SECTION  II 


SUMMARY 

Tlie  test  progreim  performed  under  the  ONR  contract  and  docu¬ 
mented  in  this  report  has  produced  significant  results  that,  in 
the  opinion  of  Republic  Aviation  Corporation,  should  favorably 
influence  the  Navy  Department’s  assessment  of  OEMs  for  amphibiou 
landing  as  well  as  for  other  military  uses. 

This  demonstration  of  successful  continuous  operations  in 
heavy  seas  and  surf  is  possibly  the  most  significant  result 
achieved.  Landings  and  departures  were  performed  through  surf 
with  breaking  waves  as  high  as  7  to  8  feet,  and  a  capability  for 
higher  breakers  is  indicated.  Repeated  operations  in  sea  state 
3  were  performed  for  data  acquisition.  On  several  occasions, 
with  high-level  Navy  observers  on  board,  the  craft  was  able  to 
maintain  headway  without  sustaining  structural  dcunage  in  8-  to 
12-foot  short-crested  waves. 

Vehicle  stability  and  ride  characteristics  are  considered 
superior  to  those  of  hyvirofoils  and  planing  hull  craft?  no 
seasickness  or  discomfort  was  reported  by  passengers  or  crew. 

The  maximum  normal  bow  accelerations,  recorded  in  the  afore¬ 
mentioned  8-  to  12 -foot  waves,  were  l,5g.  In  sea  state  3, 
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A  ^  A  i0^C  •)»  *3  ^  ««A%»«AA  ^  «r^  A  A  A  ^  A ««  4  AM  A  4*  A  *1  1  S 
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beloiir  0.6g.  Amidships,  all  accelerations  %«ere  significantly  I 

lover.  The  moderate  acceleration  levels  can  be  attributed  to  I 

the  damping  effect  of  the  air  cushion.  I 


Experience  gained  in  training  two  separate  drivers  in  this 
^ogram  indicates  that  no  more  tham  5  to  6  hours  will  be  re¬ 
quired  for  trained  coxswains  to  achieve  proficiency  in  GEMs, 

Ko  haseirds  are  presented  by  the  cushion  exhaust;  support  per¬ 
sonnel  can  stand  adjacent  to  the  skirts  during  operation. 

Although  the  flexible  skirt  design  was  adequate  for  this 
program,  it  cannot  be  considered  rsufficiently  dev^oped  for 
operational  usage.  Maintenance  and  repair  hours  were  far  in 
excess  of  acceptable  values.  A  high  degree  of  mission  relia¬ 
bility  with  major  skirt  damage,  however,  was  demonstrated  on 
more  than  one  occasion.  Small  arms  fire  damage,  therefore,  may 
be  considered  insignificant. 


The  theoretical  techniques  for  estimating  performance  of 
air  cushion  vehicles  have  produced  reasonably  accurate  results. 
Further  refinement  of  measurement  methods  and  techniques,  as 
discussed  in  the  body  of  the  report,  are  necessary.  The  struc¬ 
tural  criteria  established  for  the  VA-3  design  have  proved 
adequate  except  for  bow  impact  loads. 
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SECTION  III 


OUTLINE  OF  PROGRAM 


A.  INTRODUCTION 

The  four  phases  of  the  program  were  overwater  sea  trials, 
surf  tests,  long-crested  wave  runs,  and  overland  runs.  During 
the  testing,  motion  pictures  were  taken  to  identify  the  water- 
shedding,  spray-making,  and  other  surface-disturbance  character¬ 
istics  of  the  craft.  The  operational  log  made  during  the  test¬ 
ing  is  presented  as  Table  3-1.  The  detailed  test  results  are 
presented  in  Section  VI. 

B.  PHASE  A:  OVERWATER  SEA  1  JALS  (TABLES  3-2  AND  3-3) 

The  overwater  sea  trials  were  conducted  in  sea  conditions 
up  to  sea  state  3.  The  craft  was  tested  in  three  center-of- 
gravity  conditions  and  at  two  weights.  With  all  possible  com¬ 
binations  of  these  conditions,  the  craft  executed  two  maneuver 
patterns  at  two  lift  powers.  The  maneuver  patterns  consisted  of 
four  runs  at  maximum  power  at  0,  90,  180,  and  270  degrees  to  the 
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prevailing  seae,  respectively;  each  rim  lasted  approximately 
30  seconds  after  constant  speed  was  attained.  (M2tximuro 
power  is  defined  as  the  maximian  thrust  the  driver  would  use 
and  does  not  necessarily  define  a  specific  operating  point) , 

In  addition,  reduced  thrust  power  runs  were  conducted  to 
obtain  data  for  curves  of  drag  versus  forward  speed.  These 
runs  onconpassed  the  following;  sea  conditions  up  to  sea 
state  3  in  shallow  and  deep  water,  two  lift-power  settings, 
various  forward  speeds,  one  center  of  gravity,  and  one  weight. 
The  runs  were  conducted  eithtr  upwind  or  downwind. 

Static  hovering  tests  overland  were  conducted  to  ascer¬ 
tain  the  relationship  of  propeller  pitch  to  thrust,  as  well 
as  pitch  and  roil  responses  with  emd  without  the  propulsion 
engines  operating,  at  three  lift  powers. 

Measurements  of  dancing  in  roll  were  conducted  at  three 
forward  speeds  <smd  two  lift-power  settings  at  one  weight  and 
one  center  of  gravity.  This  test  was  accon^lished  by  forcing 
a  roll  with  the  spoiler  system  while  traveling  over  a  calm  sea. 

TO  obtain  drag  data  at  power  settings  below  maximum, 
partial  power  runs  were  performed  in  sea  states  0,  1,  2  and  3. 
Runs  were  made  upwind  and  downwind  in  water  about  12  feet 
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deep  and  in  water  about  60  feet  deep.  During  a  run,  a  con¬ 
stant  heading  was  maintained p  a.nd  power  was  increased  in  incre¬ 
ments  to  yield  speeds  from  just  above  hump  speed  to  maximum. 

During  each  power  increase,  the  speed  was  allowed  to  stabilize 
before  the  next  power  setting  was  made, 

C.  PHASE  B:  SURF  TESTS  (TABLE  3-4) 

In  surf  tests,  the  craft  negotiated  surf  heights  up  to  7  feet. 
The  tests  were  conducted  in  two  csnter-of-gravity  conditions. 

The  craft  approached  the  beach  at  reduced  speed,  trcJisitioned 
through  the  surf,  stopped,  turned,  and  reentered  the  surf. 

The  speed  of  approach  and  reentry  were  varied  to  ascertain  the 
effect  of  velocity  on  the  ability  of  the  craft  to  negotiate 
the  transition.  The  angle  of  travel  to  the  surf  line  was  also 
investigated, 

D.  PHASE  C;  LONG  CRESTED  WAVE  RUNS 

The  long  crested  wave  runs  were  conducted  on  a  day  when 
the  waves  in  the  test  area  were  3  to  4  feet  high  and  the 
crest  length  was  125  to  150  feet.  The  craft  was  tested  at  one 
weight  and  one  center-of-gravity  condition?  it  executed  two 
maneuver  patterns  with  runs  at  0,  45,  90,  135,  180,  225,  270, 
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and  315  degrees  to  the  prevailing  sea.  Each  run  lasted  approxi¬ 
mately  30  seconds  after  constant  speed  was  attained.  The 
lift  and  thrust  power  conditions  employed  during  this  phase 
were  as  follows: 

1)  Maucimum  lift  amd  maiximum  thrust 

2)  Maiximum  lift  and  reduced  thrust 

3)  Minimum  lift  and  maximum  thrust 

4)  Idle  lift  amd  maximum  thrust 

With  the  craft  in  a  displacement  mode,  measurements  were 
made  to  deteirmine  the  metacenter  heights  about  the  roll  and 
pitch  axes.  This  was  done  by  moving  ballast  weight  along  the 
tramsverse  amd  longitudinal  axes  and  measuring  the  resultant 
roll  amd  pitch  amgles. 


E.  PHASE  O:  OVERLAND  RUNS 

The  overlauid  performance  of  the  VA-3  was  demonstrated 
over  obstacles,  negotiable  gradients,  rocky  areas  amd  marsh- 
lamd.  The  turning  radius  of  the  craft  overland  was  determined 
at  5,  10,  15,  and  20  knots.  Several  runs  were  made,  in  both 
directions,  over  a  5- foot  high  embamkment. 
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TABLE  3-1.  VA-3  MONTAUK  OPERATIONAL  LOG 
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TABI£  3-1.  VA-3  MONTAUK  OPERATIONAL  LOG  (cont'd) 
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TABLE  3-2.  ONR  PHASE  A  RUN  INDEX 
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TABLE  3-2.  ONR  PHASE  A  RUN  INDEX  (cont'd) 
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ONR  PHASE  A  RUN  INDEX  (cont'd) 
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TABLE  3-3.  ONR  ACCELERATION  RUN  INDEX 
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**'**^*^*  identify  a  specific  run.  h  consecutive  nu-^tiering  system  was  used  on  data  logs  for  each  phase. 


TABLE  3-4,  OUR  PHASE  B  RUN  INDEX 
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t:  lur^,  6  to  7  foot  breakers  approximately  50  feet  apart 
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SECTION  IV 


VEKICIS  DESCRIPTION 


The  (Figure-  4-1)  is  55  feet  long^.  27  feet  wide,  and 

18  feet  high,  and  design  gross  v^ight  is  about  15  tons*  A 
weight  breakdown  of  the  craft  is  as  follows: 

(pounds) 

Hull  and  structure  13.500 

Power  plane  2,000 

Fans,  propellors,  transmissions,  and 

driveshafts  3,200 

Equipnent  and  systems  2 7 00 

Basic  Operational  Weight  21,400 

Fuel  3,000 

Payload  and  crew  4*600 

Design  gross  weight  (92 -mile  range)  29,000 

The  light  weight  for  a  craft  of  this  size  was  achieved  by 
building  the  VA-3  of  aircraft-type  strtictures.  The  main  struc¬ 
ture  is  ,  load -carrying  platform,  constructed  between  two. 


braced-together,  full-length  longerons.  Bow  wave  impacts  are 


passed  back  into  this  platform;  t/he  cabin  and  engines  are 

i 

mounted  to  it;  and  the  air  duct/g  and  main  buoyancy  tanks 
are  built  into  it. 

The  main  buoyancy  tai^  extends  over  the  full  plat- 
form  area  and  serves  as  the  hull  of  the  VA-3  when  it  is 
operating  as  a  boat.  Because  the  tank  sits  low  in  the  struc¬ 
ture,  this  tank  provides  good  stability  in  rough  water,  main¬ 
taining  that  stability  even  when  adjacent  compartments  have 
flooded.  The  buoyancy  of  the  main  tank  is  sufficient  to  sup¬ 
port  twice  the  weight  of  the  loaded  craft;  additional  buoy¬ 
ancy  is  provided  by  sealed  compartments  around  the  force  and 
aft  transverse  ducts  and  in  khe  side  wails  (Figure  4~2) , 

The  buoyancy  compartments  provide  one  surface  of 
the  ducts  fran  the  lift  fan  to  the  cushion  area.  The  highly 
positioned  air  intakes  for  the  two  lift  fans  provide  rela¬ 
tively  spray- free  air  to  centrifugal  fans.  The  fans  drive 
the  air  into  a  ducting  system  that  carries  most  of  the  air 
to  nozzles  at  the  periphery  of  the  hull.  The  air  cushion 
that  supports  the  craft  is  contained  within  a  flexible 
36 -inch  skirt  (Figures  4-3  and  4-4) „  The  air  from  the 
nozzles  inflates  tl-e  skirts  and  develops  a  cushion  within 


the  skirts  and  between  the  bottom  of  the  hull  and  the  water 
(or  ground)  surface.  Roll  stability  is  controlled  by  spoilers 
within  the  ducting. 

Two  internal  Bristol-Siddeley  Turmo  603  engines  drive 
the  two  lift  fans,  which  are  mounted  with  transmissions  and 
drive  shafts  in  the  lift  air  intakes?  two  Artouste  IIC  en¬ 
gines  propel  the  VA-3  by  powering  two  reversible-pitch,  four- 
bladed,  lO-foot-diameter  propellers.  The  Turmo  is  a  free- 
turbine  engine  producing  380  shaft  horsepower,  while  the 
Artouste  is  a  fixed-turbine  engine  producing  380  shaft  horse¬ 
power.  For  over-water  operation,  each  engine  air  intake  is 
protected  by  efficient  water  separators. 

Four  1-kilowatt  engine-driven  generators  produce 
power  for  the  VA-3  2 8- volt  dc  system.  Three  generators  are 
sufficient  for  emergency  operation  of  the  craft.  Two  bat¬ 
teries  of  2  5-cimpere-hour  capacity  provide  power  for  engine 
stcirting  and  for  emergencies.  Separately  fused  supplies  are 
provided  for  engine  starting,  operating  engine  instruments, 
detecting  and  extinguishing  fires,  pumping  fue3 ,  cabin 
lighting,  cind  for  operation  of  the  radio,  navigation  lights, 
fog  horn,  and  windshield  wipers. 
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JP-4  fuel  for  the  engines  is  supplied  from  a  single 
fuel  tank  integral  with  the  main  cross  bulkhead.  This  tank 
is  divided  by  an  internal  baffle  into  two  compartments  so  that, 
if  a  compartment  is  damaged,  the  baffle  will  retain  up  to  40 
percent  of  the  tank  capacity  in  the  other  compartment.  An 
electrically  driven  submerged  fuel  pump  is  located  in  each 
compartment.  Each  of  these  pumps  can  handle  maximum  fuel  de¬ 
mands  alone?  and,  if  one  pump  fails,  the  fuel  tank  c<»ipart- 
ments  can  be  connected  by  a  cross-feed  system,  A  fuel  fi.lter 
and  water  sepairator  is  incorporated  in  this  system  ^ 

Gravity  refueling  is  used.  The  fuel  tank  compartments 
vent  to  the  atmosphere  away  from  evreas  v^ere  spray  can  enter 
or  there  is  risk  of  fire .  Drain  plug  i  are  provided  in  the 
tank. 


For  civil  operations,  the  VA-3  accommodates  24  pas¬ 
sengers  plus  2  crewmen.  The  passenger  cabin  has  two  large 
external  waterproof  doors  for  easy  access,  double-glazed 
windows,  and  sound-proofed  walls  and  roof,  A  door  links 
this  cabin  v/ith  the  crew  cabins.  The  crew  c.ibin  is  equipped 
for  the  driver  with  space  for  a  crewman.  Large  windows  sur¬ 
round  three  sides  of  this  cabin. 
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For  operational  evaluation  communications,  the  driver  has 
a  Motorola  vhf  f-m  transceiver.  Also  available  to  him  is 
a  conventional  50-watt  Bendix  marine  transceiver  (installed 
for  emergency  use) .  The  driver  instruments  consist  of  an 
airspeed  indicator,  %^terspeed  indicator,  fuel  gages,  ta¬ 
chometers,  engine  oil  temperature  and  pressure  gages,  tail¬ 
pipe  temperature  gages,  a  magnetic  compziss,  and  pitch  and 
roll  indicators.  Driver  controls  for  the  VA-3  include  a 
wheel,  rudder  pedals,  propeller  pitch  controls,  and  engine 
throttles .  Directional  control  is  effected  by  combined  use 
of  propeller  pitch  and  rudder.  Pitch  control  is  generally 
accomplished  by  varying  lift  fan  rpm  as  required  by  varying 
throttle  settings.  Roll  control  is  a  function  of  wheel 
movement,  which  activates  spoilers  in  air  ducts. 

Because  it  is  not  in  direct  contact  with  the  surface, 
the  VA-3  can  range  over  water,  beach,  tidal  flats,  sand  bars, 
swamps,  and  unpaved  surfaces,  but  it  is  considered  primarily 
as  a  marine  craft.  The  VA-3  is  outfitted  with  36-inch  skirts 
fabricated  from  neoprene-nylon  fabric,  which  enables  the 
craft  to  transverse  objects  and  rough  seas  without  impacting 
its  solid  structure  (Figures  4-5  through  4-7). 
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Figure  4-5.  Skirt  Configuration  While 
Moving  up  Ramp 


Figure  4-6.  Bow  Skirt  Detail  (VA-3  Resting 
on  Hard  Stands) 


4-9 


4-10 


Flexible  Skirt  (Resting  on 


SECTION  V 


INSTRUMENTATION 


A.  INl'RODUCTION 

Instrumentation  was  divided  between  the  craft  and  an 
attending  work  boat.  The  VA-3  contained,  in  addition  to  its 
operational  instruments,  necessary  trcUisducers  and  recording 
equipment  for  collecting  sea-keeping  data.  The  work  boat 
made  sea- state  measurements  while  the  VA-3  was  under  test. 

The  equipment  used  and  its  calibration  is  discussed  in  this 
section.  Figure  5-1  illustrates  the  major  elements  and 
associated  equipment  requii'  ments  for  the  tests.  The 
GSi-i  system  contained  pilot  and  copilot  displays,  an  instru¬ 
mentation  console,  and  necessary  transducers. 

The  pilot  displays  received,  as  their  inputs,  information 
required  for  craft  operation  and  navigation.  Portions  of  this 
data,  coupled  with  the  remaining  transducer  outputs,  were  pre¬ 
sented  to  the  instrumentation  console  for  •'nanual  and  automatic 


recording. 


Figure  5-1.  VA-3  XnstruEseifitation 
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Table  5-1  lists  the  ?rtsasured  Darametars  and  their  dis¬ 


played  or  recorded  ranges ^ 


B.  INSTRUMENTATION  INSTALLED  IN  THE  VA-3 

1 »  Data  Recording  Equipment 

Most  of  the  test  data  was  recorded  on  a  C.E.C.  type 
5-119-P  3-36  12-inch  recording  oscillograph.  This  data  in¬ 
cluded  accelerations,  control  surface  positions,  propulsion 
(blade)  pitch  angles,  wind  and  water  direction  and  speed,  cind 
craft  attitude.  Lift  engine  gas  generator  and  free  turbine 
speeds,  propulsion  engine  speed,  and  all  engine  exhaust  tem¬ 
peratures  ware  recorded  manually. 

2.  Doppler  Speedmeter 

The  speedmeter  was  a  continuous-wave  radar  that  used 
the  Doppler  principal  to  produce  a  signal  frequency  proportional 
to  vehicle  speed. 

Direct  calibration  of  the  speedrneter  was  acccmiplished 
by  timed  runs  over  a  measured  course.  The  results  are  discussed 
in  Section  VD.  An  internal  calibration  oscillator  provided  an 
audio  frequency  at  the  receiver  input  that  corresponded  to  an 
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TABLE  5-1.  INSTRUKEMTATZON  SUMNAHY 


Measured 

Parameter 

Scale 

Pilot 

Display 

Copilot 

Display 

Manual 

Data 

Panel 

Recording 

Oscillograph 

Bow  vertical 
acceleration 

±  8g 

X 

Bow  lateral 
acceleration 

+  4g 

X 

Port  vertical 
acceleration 

±  8g 

X 

Aft  vertical 
acceleration 

+  4g 

X 

CG  longitudinal 
acceleration 

±  2g 

X 

CO  vertical 
acceleration 

i  4g 

X 

Pitch  attitude 

±  5® 

X 

X 

Roll  attitude 

±4® 

X 

X 

Wind  speed 

0-100 

knots 

X 

X 

Wind  direction 

0-360® 

X 

X 

Water  speed 

0-100 

knots 

X 

X 

Water  direction 

+  50® 

X 

Rudder  position 

+  30® 

X 

TABLE  5-1.  INSTRUMENTATION  SUMMARY  (cont*d) 


Measured 

Pilot 

Copilot 

Manual 

Data 

Recording 

Pzirameter 

Scale 

Display 

Display 

Panel 

Oscillograi^ 

— ■■■  ■  . 

Rudder  trim  tab 

position  +  15° 

X 

Port  spoiler 

position  70° 

X 

Starboeurd  spoiler 

position  70° 

X 

Port  propulsion 
blade  angle 

X 

Starboard  propulsion 
bland  angle 

X 

Propulsion  engines 
overtemperature 

X 

X 

Propulsion  engine 
rpm 

X 

X 

X 

Lift  engines  gas 
generator  rpm 

X 

X 

X 

Lift  engines  free 
turbine  rpm 

X 

X 

X 

Engine  exhaust 
temperatxire 

X 

X 

X 

Engine  oil 
temperature 

X 

X 

Gas  generator  oil 
pressure 

X 

X 

TABU  5-1.  ZNBTRtllBVTATIOIf  SUMHABY  (cont'd) 


Measured 

Parameter  Scale 

Pilot 

Display 

Copilot 

Display 

Manual 

Data 

Panel 

Recording 

Oscillograph 

Lift  engine  free  tur¬ 
bine  oil  pressure 

X 

X 

Propeller  gear  box 
oil  pressure 

X 

X 

Propeller  gear  box 
oil  temperature 

X 

X 

Fuel  level 

Generator  charging 
current 

X 

Accelerometers 


Figure  5-2.  Accelerometer  Connections 
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80- knot  Doppler  frequency.  Thus  a  functional  check  of  the  sys- 
tf»ni  nn*arat-inn  cnule3  he  made  at  the  ni lot’s  discretion. 

3.  Accelerometers 

Six  potentiometer- type  accelerometers  were  used  to 
sense  vehicle  accelerations.  Their  locations,  axes  of 
sensitivity,  and  ranges  are  shown  in  Table  5-1.  Figure  5~2 
illustrates  signal  paths  and  typical  electrical  connections. 

On-site  static  calibrations  were  performed  period¬ 
ically  throughout  the  test  program.  Good  calibration  stability 
was  achieved. 

4.  Surface  Position  Potentiometers 

Control  surface  positions  were  measured  by  poten¬ 
tiometers  mechanically  linked  to  them.  Table  5-i  summarises 
the  positions  measured,  and  Figure  5-3  shows  the  typical  cir¬ 
cuits  used. 

5.  Wind  Speed  and  Direction  Instrumentation 

A  cup- type  anemometer  that  operated  a  switch  con¬ 
tact  as  it  rotated  was  used  to  measure  resultant  wind  speed. 

The  switch  output  was  converted  to  a  direct  current  propor¬ 
tional  to  anemometer  speed.  This  current  supplied  the  pilot 
display  and  provided  an  output  for  the  oscillograph  recorder. 
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The  resultant  wind  direction  transducer  was  like 


a  conventional  weather-vane  connected  to  a  potentiometer. 

The  potentiometer  output  was  processed  in  the  same  manner  as 
the  potentiometer  outputs  for  control  surface  positions  ex¬ 
cept  that  an  additional  output  was  provided  for  the  pilot 
display. 


Calihri-ion  for  wind  direction  measurement  was  sim¬ 
ilar  to  that  for  the  control  surface  positions.  An  angular 
scale  was  fastened  to  the  vane  base  against  which  various 
positions  were  recorded.  The  anemometer  was  compared  to  a 
commercial  velometer  with  an  electric  fan  as  a  wind  source. 

As  a  further  check,  data  were  added  as  various  windspeeds 
were  available. 

Periodic  rscal Deration  showed  good  stability  for  both 
wind  speed  and  wind  direction  indicators.  Figure  5-4  shows 
circuit  connections  for  the  anemometer,  and  Figure  5-5  gives 
circuit  details  for  the  wind  direction  transducer. 

6 .  Craft  Attitude  Instrumentation 

A  Sperry  horizon  gyro  was  used  to  measure  pitch  and 
yaw  attitudes  of  the  craft.  The  gyro  had  potentiometer  out¬ 
puts,  the  signals  from  which  recorded  on  the  oscillograph 

and  displayed  to  the  pilot. 
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For  calibraLion  purposes,  the  aoserribly  was  tipped 
to  known  angles,  along  appropriate  axes;  and  the  results 
were  recorded. 

7 .  Water  Direction  Indicator 

A  trailing  wire  connected  to  a  potentiometer  was 
used  to  indicate  rhe  relative  direction  of  the  craft  to  the 
water.  Although  sLmple  in  concept,  some  difficulty  was  en¬ 
countered  in  properly  damping  the  wire.  Further,  the  method 
was  not  satisfactory  for  overland  tests. 

Calibration  of  the  water  direction  indicator  was 
accomplished  by  recording  various  known  angles  of  the  trail¬ 
ing  armr 


C,  INSTRUMENTATION  INSTALLED  IN  THE  W0RK30AT 

1.  Water  Current  Meter 

A  surface  water  current  speed  measurement  device  was  re¬ 
quired  for  the  tes'cs.  The  instrument  contruction  was  similar 
to  a  conventional  taff-rail  log;  the  current  velocity  was  re¬ 
corded  on  a  strip-chart  recorder.  Although  a  direct  indication 
of  water  speed  was  desired,  the  method  employed  offered  suffi¬ 
ciently  greater  c-libration  stability  to  justify  a  simple, 
manual  data  reduction. 
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tating  magnet  mounted  on  a  cor.imon  shaft.  The  shaft  had 
pointed  ends  that  form  simple  but  low-friction  bearings.  .\s 
it  rotated,  the  reed  switch  was  operated  by  the  rotating  mag¬ 
net.  The  unit  was  mounted  on  a  finned  boom  that  pointed  it 
into  the  ctirrent.  The  entire  assembly  was  supported  below 
the  surface  by  a  float;  a  line  (actually  the  sigxial-carrying 
wire)  connected  the  float  to  the  attending  anchored  boat  with 
its  associated  instrumentation. 

Several  methods  were  considered  for  converting  the 
output  of  the  reed  switches  to  useful  recorded  data.  The 
reed  switch  employed  had  insufficient  capacity  to  carry  high 
instantaneous  currents,  because  the  simplest  method  for  inte¬ 
grating  required  the  switch  to  discharge  a  capacitor  rapidly, 
some  form  of  isolation  was  indicated.  Further,  conventional 
integration  methods  required  table  circuit  componenti^  and  power 
supplied,  if  long-term  precision  was  desired.  The  method  em¬ 
ployed  provided  raciximum  calibration  stability. 

The  reed  switch  operated  a  Schjnitt  trigger  whose  out¬ 
put  drove  a  simple  binary  counter,  A  front  panel  switch  se¬ 
lected  a  stsige  output  compatible  with  the  recorder  bandwidth 
during  the  test  period.  The  record  was  thus  a  precise  total 
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count  of  impeller  revolutions  divided  by  a  known  power  of  2, 
versus  time.  From  this  data,  after  initial  calibration, 
average  water  current  is  easily  computed. 

Calibration  of  the  Republic  water  current  meter  was 
accomplished  by  pulling  the  device  through  still  Wciter.  Sev¬ 
eral  distances  and  times  were  used  for  the  calibration,  the 
results  of  which  are  summarized  in  Figure  5-6. 

2.  Wave  Buoy 

Tv;o  wave-height  measuring  staffs  were  constructed 
and  successfully  operated  in  this  prograit.  Both  employed  a 
buoyant  wave  staff  anchored  to  the  sea  floor.  The  first  staff 
had  its  center  of  gravity  above  its  center  of  buoyancy;  the 
second  unit,  which  was  considered  more  successful,  had  a  lov;er 
center  of  gravity  than  center  of  buoyancy  and  a  much  lower  over¬ 
all  weight.  This  greatly  facilitated  installation  in  the  water. 

Two  measurement  techniques  were  employed;  one  in¬ 
cremental,  the  other  continuous.  Both  methods  were  satisfactory , 
although  the  continuous  system  appeared  preferable.  Several 
methods  were  investigated  for  measurement  of  wave  heights,  in¬ 
cluding  acceleration,  acoustic,  pressure,  and  direct-displacement 
measuring  systems. 
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distance  between  tbe  sea  flour  and  the  measuring  section  nut 
also  keeps  the  measuring  section  vertically.  Thus,  the  re¬ 
sult  is  a  reasonably  close  approximation  of  a  long  pole  driven 
into  the  sea  floor.  Water  level  changes  on  the  measuring  sec¬ 
tion'  are  converted  to  electrical  signals,  which  are  then  re¬ 
corded  on  a  strip-chart  recorder. 

Two  methods  of  instrumenting  the  wave  s^-aff  were 
employed.  Figure  5-9  illustrates  the  method  employed  on  the 
first  buoy.  Electrical  contacts  were  spaced  four  inches  apart 
on  the  measuring  section.  Each  contact  was  connected  to  a 
transistor  that  was  normally  turned  off.  When  the  contact 
w'as  covered  by  water  its  transistor  was  on;  When  the  contact 
was  out  of  the  water,  its  transistor  was  off.  The  recorder 
simply  measured  the  total  collector  current  of  the  transistors. 
Because  the  record  was  incremental,  it  was  possible  to  cali¬ 
brate  the  system  from  the  data  directly. 

The  second  system  used  (Figure  5-10)  was  easier  to 
implement  than  the  above  but  required  more  careful  calibra¬ 
tion,  This  method  used  a  simple  resistance  wire,  glued  to  the 
measuring  section.  This  wire  formed  one  arm  of  a  Wheatstone 
bridge,  the  remainder  of  which  was  placed  on  the  attending 
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Figure  5-iO.  Wave  Meter  Circuit  —  Continuous 
Measurement  System 
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boat.  As  the  water  rose  on  the  measuring  section*  the  wire 
was,  for  practical  purposes*  shorted  by  it.  This  change  of 
resistance  was  then  recorded  on  a  strip-cheirt  recorder. 

Calibration  of  both  systems  was  accomplished  by 
immersing  the  staffs  in  still  water  to  a  known  depth  and  ad¬ 
justing  the  recorded  results.  The  contacts  themselves  were 
used  as  a  scale  on  the  incremental  device?  painted  strips 
were  used  on  the  resistance  wire  unit^  On  the  latter*  a  reg¬ 
ulated  supply  in  addition  to  fairly  high  detector  impedance 
produced  satisfactory  system  linearity.  The  recorder  used  had 
a  sensitivity  of  1  ma  over  a  50-division  full-scale.  Chart 
width  was  about  2h  inches.  The  measuring  portion  of  the  wave 
staff  was  96  inches.  The  chart  can  be  read  to  a  division. 
Therefore,  it  is  possible  to  distinguish  a  difference  in  wave 
heights  of  1  inch  or  greater. 

The  wave  staffs  operated  by  Repiablic  functioned 
satisfactorily  under  various  sea  state  conditions.  Experience 
indicates  that  a  high  buoyant  force  and  a  low  center  of  gravity 
are  desirable?  hoi^ever*  the  high  buoyant  force  must  be  offset 
by  large  anchor  weights*  which  makes  insertion  more  difficult. 
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In  water  bodies  where  appreciable  water  currents 
are  present  (over  5  knots),  it  is  probable  that  this  method 
would  not  be  satisfactory.  Excessive  drag  forces  on  the  buoy 
tend  to  submerge  it.  This  has  not  been  a  serious  limitation 
in  the  GEM  tests  because  fairly  low  currents  have  been  mea¬ 
sured  in  the  test  areas. 

D.  CALIBRATION  OF  DOPPLER  SPEEDMSTER 

The  doppler  speedometer  was  calibrated  over  a  measured 
course  for  craft  speeds  between  7  and  40  knots.  Yaw  angle, 
wind  and  water  currents,  and  total  elapsed  time  were  used  to 
correct  the  recorded  data.  Figure  5-lx  shows  the  resultant 
oscillograph  trace  calibration  as  a  function  of  true  craft 
water  spaed. 
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Figure  5-11.  Doppler  Speedmeter  Calibration 
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TABLE  6-2.  LIFT  SYSTEM 


Component 

Required  Data 

Engines:  Two  Turmo  603  gas 

a)  Jet  pipe  temperature 

turbines,  each  rated  at  380  hp 

b)  Gas  generator  rpm 

c)  Free  turbine  rpm 

Fans:  Two  Dowty-Rotol  11- foot 

Velocity  profiles  upstream 

diameter  ferns 

of  fan  inlet  j 

-  - 1 

It  should  be  noted  that  operation  of  the  propulsion 
engines  is  always  at  a  power  turbine  speed  of  34,000  rpm, 
thus  providing  a  constant  propeller  speed,  through  the  28.5 si 
gearbox  ratio,  of  1192  rpm.  Power  and  thrust  variation  is 
acconplished  by  modulating  the  propeller  blade  angle. 

The  lift  fan  inlet  instrumentation  was  not  installed 
during  normal  test  operation  but  was  used  to  determine  the 
lift  system  characteristics  during  static  tests. 

In  addition  to  the  operational  characteristics  of  the 
lift  and  propulsion  systems,  which  were  derived  with  the 
above  required  data,  the  craft  drag  characteristics  were 
obtained.  Before  discussing  these  results,  it  is  appropriate 


to  examine  the  engine  characteristics  because  the  availability 
of  power  is  fundamental  to  the  operation  of  all  systems, 

2.  Description  of  Engines 

Table  6-3  summarizes  the  characteristics  of  the 
VA-3  power  plants. 

TABLE  6-3.  POWER  PLANT  DATA 


Propulsion 

Lift 

Air  mover 

10- ft  Dowty-Rotol 

11-ft  Dowty-Rotol 

propeller  per  engine 

fan  per  engine 

Engine  designation 

Artouste  lie 

Turmo  603 

Manufacturer 

Turbomeca  (France) 

Blackburn  (England) 

Type  of  power 

fixed  shaft  turbine 

free  turbine 

Engine  length  x  diameter 

57  X  24 

60  X  24 

Engine  weight,  pounds 

317 

Maximun'.  continuous 

465 

380 

rating,  hp 

SFC  at  maximum  continuous 

1.15 

1.10 

power, (lb/hr)/bhp 

Power  turbine  speed,  rpm 

34,000 

22,300* 

Turbine  speed  reduction. 

prop  or  fan 

28.5 

62 
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TABLE  6-3.  POIVER  PLAWT  DATE  (cont'd) 


Because  the  lift  engines  are  equipped  with  free  turbines, 
they  can  supply  a  range  of  puwer  requirements  at  a  constant  out¬ 
put  shaft  speed.  The  propulsion  engines  are  fixed-shaft  turbine 
engines  and  can  supply  only  one  oower  at  any  shaft  speed. 

The  engine  performance  characteristics  are  presented 
in  Figures  5-1  and  6-2, which  include  the  manufacturers*  sti¬ 
pulations  governing  engine  operating  limit;p.  The  performance 
shown  corresponds  to  the  manufacturers’  estimate  of  a  new, 
"average"  engine.  This  performance  has  been  reduced  somewhat 
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Figure  6-2^  Lift  ^igine  Performance 


due  to  long  periods  of  operation  in  a  corrosive  environ¬ 
ment  as  well  as  due  to  the  normal  degradation  resulting 
from  continued  use^  There  have  been  a  total  of  six  propul¬ 
sion  engines  and  four  lift  engines  installed  in  the  craft 
during  the  sea  trial  program.  Tables  6-4  and  6-5  list  the 
total  operational  time  for  these  engines  since  their  manu¬ 
facture,  in  the  order  of  their  installation  during  the 
program.. 


TABLE  6-4.  PROPULSION  ENGINES 
(Artouste  IIC) 


Serial  Number  Total  Time 

(hours) 


276 

54.5 

296 

52.5 

Port  Engines 

409 

55.4 

230 

8.5 

277 

51.75 

Starboard  Engines 

107 

113.8 
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TABLE  6-5  .  LIFT  ENGINES 


(Turmo  603) 

Serial  Number 

Total  Time 
(hours) 

5024 

99.15 

Forward  Engines 

5018 

58.3 

5014 

108.25 

Aft  Engines 

5022 

36.5 

The  tables  indicate  that  the  propulsion  engines  have 
been  averaging  on  the  order  of  53.5  hours  before  removal^ 
and  the  lift  engines  have  been  averaging  twice  as  many  hours. 
Apparent  causes  for  this  are  as  follows:  The  propulsion 
engines  are  located  externally  and  are  relatively  susceptible 
to  the  effects  of  salt  water  spray, while  the  lift  engines 
are  located  inside  the  craft  structure,  relatively  remote 
from  the  salt  water  environment.  In  addition,  stalling 
the  propulsion  engines  under  high  loading  conditions  (sudden 
accelerations)  and  sporadic  operation  at  high  jet  pipe  tern- 
peratures  (1240  F)  have  depreciated  propulsion  engine  per¬ 
formance  considerably.  It  has  been  documented*  that  opera¬ 
tion  at  turbine  inlet  temperature  above  1600°F  induces 

*  G.L.  Graves,  "Gas  Turbines  for  Unconventional  Craft", S|^ 
Paper  685A,  April  1963 
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corrosion  of  engine  parts,  thus  limiting  engine  life.  Thcrc^ 
fore,  the  results  of  operating  in  a  marine  environment  with 
an  engine  that  is  not  marinized  causes  performance  degrada¬ 
tion  that  in  turn  requires  frequent  operation  at  maximum 
power  (high  temperatures) ,  thus  accelerating  the  rate  of 
degradation. 

Two  steps  were  taken  to  minimize  these  effects  in  the 
VA-3:  washing  the  "hot  sections"  of  both  engines  with 
fresh  water, and  limiting  lift  engine  loadings  to  be  consis¬ 
tent  with  a  maximum  jet  pipe  temperature  of  1120°F  or  1200°f, 
depending  upon  the  particular  engines  in  use. 

In  general,  the  adverse  effects  of  operating  gas  turbine 
engines  in  a  marine  environment  can  be  reduced  or  eliminated 
by  employing  any  combination  of  the  following  steps: 

1)  Provide  a  marinized  engine  that  has  been 
proved  to  be  capable  of  high  performance  during  long  service 

2)  Provide  an  over-sized  engine  so  that  the  con¬ 
tinuous  operating  power  requirement  corresponds  to  a 
sufficiently  low  turbine  inlet  temperature  to  preclude 
corrosion  effects 
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3)  Locate  the  engines  as  far  from  the  marine 
environment  (salt  water  spray)  as  possible,  consistent 
with  ease  of  accessibility 

4)  Require  fresh  water  washing  of  the  engine  hot 
sections  at  suitable  intervals 

3 .  Propeller  Characteristics 

Although  no  testing  of  the  propellers  was  per¬ 
formed  during  the  program  at  Montauk,  the  results  of 
propeller  tests  conducted  by  Vickers-Armstrong  Limited 
were  made  available  to  Republic.  Wind  tunnel  tests  by 
the  propeller  manufacturer,  Dowry-Rotol,  have  provided  the 
thrust-speed  characteristics  corresponding  to  operation  in 
an  unobstructed  free  stream;  these  characteristics  are  pre¬ 
sented  in  Figure  6-3  for  a  propeller  rotary  speed  of  1192  rpm, 
which  corresponds  to  the  engine  operating  speed  of  34,000 
rpm.  The  thrust  speed  characteristics  of  the  propellers 
operating  on  board  the  VA-3,  obtained  by  mounting  the 
nacelles  upon  strain  gages,  were  determined  by  Vickers- 
Armstrong  engineers  prior  to  the  craft's  arrival  in  this 
country.  These  characteristics  are  shown  on  Figure  6-4 
and  include  the  effects  of  propeller  airflow  blockage  by 
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NET  THRUST  FOR  TWO  PROPELLERS'^  POUNDS 


N9t«: 

1)  Parformnce  corresponds  fco  an 
isolated  propeller  in  so  un* 
obstructed  sir  flow 

2)  Propeller  Speed  ~  1192  RPM 
(625  ffc/sec) 

Propeller  Date: 

1)  Mfiiseter  0  *  10  feet 

2)  IIUBd>er  of  Blades  ^  U 

3>  Activity  Factor  AF  -  137 

4)  Integrated  Design  •  0.55 
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Figure  6—3,  Propeller  Performance 

Manufacturer's  Pexformance 
Estimates 


NET  TmJST  F08  TWO  PIOPELLERS 


the  superstructure  and  the  fan  airflow  streams.  It  is  im¬ 
portant  to  note  that  even  when  the  craft  is  operating  straight 
into  the  wind,  thus  minimizing  propeller  blockage  by  the  fan 
airflow  streams,  the  superstructure  and  nacelle  supports 
blank  out  15  per  cent  of  the  propeller  disk  area. 

A  comparison  of  Figures  6-3  and  6-4  has  been  made  to 
determine  the  effect  upon  thrust  of  the  blockage  caused  by  the 
propeller  installation.  Figure  6-5  shows  the  results  of  this 
comparison  in  terms  of  the  fraction  of  the  manufacturer's 
estimate  of  thrust  that  has  not  been  realized  on  the  VA-3 
installation.  It  is  seen  that  the  greatest  losses  occur 
at  the  lower  olade  angles.  This  is  reasonable  in  view  of  the 
fact  that,  because  low  blade  angles  dictate  low  total  pressure 
rises  across  the  propeller,  a  given  total  pressure  deficit  up¬ 
stream  of  the  propeller  will  induce  a  relatively  large  reduction 
of  total  pressure  rise  for  low  angle  settings.  This  is  directly 
responsible  for  a  loss  of  thrust,  because  thrust  equals  pro¬ 
peller  disk  area  times  the  pressure  rise. 

Adequate  performance  of  the  VA-3  is  obtained  even 
though  the  installation  losses  are  relatively  large.  This 
is  the  result  of  good  preliminary  design  and  indicates  that 
Vickers  engineers  were  aware  of  the  order  of  installation 
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Propeller  Dare 

1)  Siaaeter  D  «  10  fc«t 

2)  lius^er  oi  Slade*  ^  •  4 
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Rotei  Tba  curve*  repreeent  the  deviations 
of  the  installed  perfomance  (test 
data  of  Figure  6»4)  frexi  the  aenu* 
facturer's  eetlnates  of  Figure  6-3'< 


100 

90 


Degrees 


80 

70 

60 

50 

40 

30 

20 

10 


12 


14 


16 

18 

20 


C 


0 


10 


ji _ —  .j _ -i- 

20  30  40 


_i - 1 

50  60 


FOSMAID  8P8ED  KKOf  S 


Figure  6-5,  Propeller  Performance  —  Thrust  Loss 
Due  to  Installation  Effects  on  VA-3 
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losses  that  would  be  incurred  in  the  preliminary  stages  of 
the  VA~.3  development. 

The  drag  characteristics  and  other  aspects  of  craft 
performance  will  be  discussed  in  Section  VIB  of  this 
report.  A  key  element  in  the  derivation  of  these  character¬ 
istics  is  the  propeller  thrust-speed  characteristics,  which 
have  been  used  in  conjunction  with  the  reported  values  of 
propeller  blade  angle  and  relative  wind  speed  to  determine 
total  thrust  delivered. 

To  establish  the  tolerances  of  error  corresponding  to 
calculated  results, it  is  necessary  to  determine  the  individual 
errors  of  the  factors  used  in  any  calculation.  The  accuracy 
with  which  the  propeller  blade  angle  is  reported  has  been 
determined  by  comparing  a  direct  measurement  of  angle,  using 
a  protractor,  with  a  corresponding  oscillograph  reading. 

The  resulting  calibration  provides  a  means  for  reducing  oscillo 
graph  traces  made  during  test  runs  to  useful  information, and 
it  establishes  the  maximum  possible  error  in  blade  angle. 
Figure  6-6  presents  the  blade  angle  calibration  of  the  port 
propeller;  the  starboard  propeller  calibration  is  almost  iden¬ 
tical.  The  spreacJ  of  data  is  considered  to  be  representative 
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Figure  6«=6.  Port  Propeller  Blade  Angle  Calibration 
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of  the  maximum,  scatter  of  data  due  to  such  factors  as 
hysteresis  a.nd  oscillograph  scale  error.  A  maximum  error  of 
about  1  degree  of  blade  angle  is  indicated,  based  upon  using 
the  centerline  of  the  data  spread.  This  corresponds  to  a 
maximum  error  of  about  300  pounds  of  thrust  for  both  pro¬ 
pellers,  based  upon  the  characteristics  of  Figure  5-4. 
Therefore,  based  upon  the  craft  drag  characteristics  in 
still-air  conditions,  the  maximum  possible  error  in  drag 
calculated  from  test  data  is  22  per  cent  at  15  knots  and 
6  per  cent  at  50  knots,  assuming  that  the  relative  wind  speed 
measurements  are  exact. 

4.  Lift  System  Performance 

The  lift  system  of  the  VA-3  includes  the  following 
components : 

1)  An  air  induction  system  that  captures  air  from 
the  free  stream,  bends  it  90  degrees  into  a  vertical  plane, 
and  delivers  it  to  the  fan  inlets 

2)  Two  lift  fans  that  increase  the  total  energy 
of  the  inducted  air  flow  to  overcome  system  flow  losses  and 
to  provide  a  cushion  pressure  that  supports  the  vehicle 
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3)  An  annular  jet  nozzle,  located  around  the  periphery 
of  the  vehicle,  that  ensures  an  adequate  distribution  of  the 
energized  airflow  and,  consequently  of  the  cushion  pressure 

4)  Two  engines  that  provide  the  power  source  for  the 
lift  fans 

The  net  effect  of  the  systems  operation  is  to  provide 
an  air  cushion  under  the  vehicle,  of  sufficient  thickness  to 
separate  the  "hard  structure"  from  the  water  surface  by  a 
significant  distance.  During  its  initial  sea  trials  in 
England,  the  VA-3  had  no  flexible  extensions  below  the  "hard 
structure"  and  the  greatest  separation  distance  was  on  the 
order  of  10  inches.  The  addition  of  a  36-inch  flexible 
extension  to  the  annular  jet,  just  prior  to  the  VA-3*s  arrival 
in  this  country,  provided  a  maximum  separation  between  the 
"hard  structure"  and  the  water  surface  (called  rise  height) 
of  approximately  38  inches,  thus  significantly  improving 
the  vehicle's  operational  flexibility.  This  addition  enabled 

■  I 

operation  in  sea  states  up  to  and  including  3,  and  in  7 -foot 
surfs. 
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The  carves  of  Figure  6-7  present  the  rise  height 
characteristics  of  the  present  configuration  based  upon 
Vickers-Armstrongs  test  data.  These  curves  show  that  the 
variation  of  rise  height  with  gas  generator  rpm  and  gross 
weight  is  approxiitxately  linear. 

It  is  common  practice  to  present  the  performance  charac 
teristics  of  a  fan-duct  system  on  a  supply- and-demand  basis. 
Ibe  fan  performance  characteristics  are  considered  the 
"supply",  and  the  system  flow  characteristics  represent  the 
"demand".  When  curves  that  describe  the  "supply"  and 
"demand"  characteristics  are  superimposed,  the  intersections 
of  these  curves  define  the  locus  of  "matched"  operating 
points. 

The  operating  characteristics  of  the  VA-3  lift  system 
are  presented  on  Figure  6-8,  The  fan  or  "supply"  curves 
are  based  upon  the  fan  manufacturer’s  performance  data,  and 
the  "demand"  or  system  flow  characteristics  have  been  gener¬ 
ated  by  obtaining  velocity  profiles  in  the  fan  inlet  during 
the  Montauk  tests.  Two  important  points  should  be  noted: 
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RISE  HEIGHT  ^  INCHES 


FldTzlble 

Skirt 


Note: 

Data  Corresponda  to 
Standard  Day  Operation 


Figure  6-7.  Rise  Height  Characteristics  of  the  VA-"^ 


6-20 


FAN  TOTAL  HEAD  RISE  ~  H  LB/FT^  FAN  SHAFT  POWER  ~  MORSE  POWER 
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1)  Performki.':c«  is  for  stsnde.'d 
day  operation 

2)  Data  corresponds  to  hovering 
operation  with  propulsion 
engines  shut  down 

450 


VOLUME  FUM  -  CUBIC  FEET  PER  SECOND 


Figure  6-8.  Lift  System  Performance  Characteristics 


1)  The  largest  power  delivered  corresponds  to  op¬ 
eration  at  the  limiting  jet  pipe  temperature  and  is  signi¬ 
ficantly  lower  than  the  mciximum  rating  of  380  hoursepower 

2)  Because  the  data  of  Figure  6-8  corresponds  to  a 
gross  weight  of  28,500  pounds  and  the  cushion  area  is  1,024 
square  feet,  the  cushion  pressure  is  27.8  psfg.  Therefore, 
the  data  of  Figures  6-8  shows  tliat  the  system  total  pressure 
3'  s  varies  from  6  psf  to  13  psf,  within  the  range  of  air¬ 
flows  tested 

The  two  most  probable  reasons  for  the  decrement  in 
engine  power  are  deviations  of  individual  engine  performance 
from  the  '‘average”  estimated  performance  of  Figure  6-2  and 
the  effects  of  the  marine  environment.  Information  received 
from  Vickers-Armsfcrongs  Limited  indicates  that  shaft  horse¬ 
power  deviations  of  up  to  -15  per  cent  of  the  specification 
values  are  possible. 

The  system  total  pressure  loss  data  indicates  that 
the  internal  flow  path  is  a  relatively  efficient  one.  The 
total  pressure- loss  characteristics  of  ducts  containing 
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relatively  low- speed  flows  are  generally  described  by 
a  nondimensional  coefficient,  which  is  the  ratio  of  the 


total  pressure  loss,  AP^  ,  to  the  incompressible  dynamic 
head  at  any  reference  station,  ^  P 


2  ^  "ref 


ref 


When  Reynolds  humber  effects  are  relatively  insignificant, 
this  coefficient  is  approximately  independent  of  the  flow 
rate.  The  results  of  analyzing  the  data  of  Figure  6-8  indi¬ 
cates  that  the  VA-3  lift  system  characteristic  may  be  des¬ 
cribed  by  a  coefficient  of  “1*25. 


Hovering  of  the  VA-3  with  one  lift  unit  shut  down  was 
conducted  to  determine  the  effect  of  an  assymetricai  airflow 
distribution  upon  hovering  attitude.  Measurements  of  hover 
height  and  craft  inclination  angle  were  not  taken?  the  quali¬ 
tative  results  are  felt  to  be  quite  useful  and  inexpensive. 


Initial  tests  did  not  include  any  attempts  to  seal  the 
inlet  of  the  shut-down  unit.  In  this  mode,  when  the  operative 
unit  was  run  at  its  m.aximum  power,  the  VA-3  could  not  hover. 
The  same  result  was  noticed  with  either  forward  or  aft  lift 
engine  shut  down.  When  the  forward  fan  was  shut  down  and  its 
inlet  sealed,  however,  the  vehicle  hovered  at  a  relatively 
level  attitude  corresponding  to  approximately  the  height 
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that  v.‘as  nomaliy  attained  with  both  engines  operating  at  half 
of  maxiiRum  power,  A  nose  up  attitude  was  produced  whan  the  aft 
engine  was  shut  down  amd  the  inlet  sealed;  however,  this  was 
expected  since  the  test  configuration  had  the  center  of  gravity 
approximately  3  inches  aft  of  the  geometric  centerline  of  the 


craft. 


B.  DRAG  AJIALYSIS 

1.  Theoretical  Drao  Estimates 

a.  General 

Air  cushion  vehicle  drac  is  comprised  of  aero¬ 
dynamic  and  hydrodynaunic  coitqponents.  The  auialysis  performed 
by  Vickers- Armstrongs  Limited  for  the  VA-S  follows. 

b.  Aerodynamic  Drag 

The  aerodynamic  drag  component  has  two  sub- 
con5>onents,  profile  drag  and  momentum  drag.  Profile  drag  can 
be  expressed  in  the  form 

^profile  ~  *  "2 


where : 


C_  =0.5,  based  on  wind  tunnel  test  results 

p  =  air  density  (slugs/ft^) 

V  =  air  velocity  (ft/sec) 

S  =  surface  area,  square  feet 

The  initial  esti.*uates  were  based  on  taking  the 
full  momentum  drag  of  the  air  mass  flow  required  for  lift.  This 
results  in; 


where  ^  is  the  intake  mass  flow  in  slugs/sec,  and  V  is  the  saine 
air  velocity  in  ft/sec  used  in  the  profile  drag  equation  shown 
above.  The  air  velocity,  V,  is  the  sum  of  the  absolute  wind 
velocity  and  the  vehicle  velocity  relative  to  the  ground  or 
water.  Therefore, 

V  =  V  +  V  upwind 

D  W  ^ 

V  =  Vjj  -  downwind 

where;  Vd  =  relative  ground  (water)  velocity  measured  by 

Doppler,  ft/sec 

=  wind  velocity,  ft/sec 
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In  coa^aring  the  data  i^ith  theory,  account  must  be  taken  of 
the  wind  conditions  for  each  data  point.  The  components  given 
above  are  shown  in  Figure  6~S  as  a  function  of  V  and  were  used 
to  produce  average  estimated  drag  curves  for  comparison  with 
the  test  points. 

c.  Hydrodynamic  Drag 

Hydrodynamic  drag  is  comprised  of  wave  drag, 
skirt  drag,  and  spray  drag.  Visual  observations  of  the  VA-3 
at  speed  show  that  spray  is  swept  sideways  along  the  craft 
without  significcint  iiipacting.  This  factor  together  with  the 
absence  of  other  concrete  information  on  spray  drag  for  air 
cushion  craft  has  caused  this  drag  coitponent  to  be  neglected  in 
the  estimate  for  VA-3. 

Wave  drag  depends  upon  the  velocity  of  the 
craft  relative  to  the  water  surface  (Vjj)  and  the  water  depth, 
and  it  can  be  expressed  as  a  function  of  the  craft  Frouds 
number,  %  • 
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Figure  6-9.  VA-3  Aerodynamic  Drag  Characteristics 
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V9A«^4.  V  • 


5  “  yravitaCiOiieix  dccexeration,  leer/ sec** 

"  average  cushion  length  at  the  bottom  of  the 
sljirt,  feet 


The  tests  were  conducted  over  water,  with  a  , 

J 

water  depth  greater  thaui  the  craft  length  (the  water  was  there-  ’ 
fore  considered  deep  when  estimating  the  wave  drag) .  The  craft  j 

i 

wave  drag  is  computed  from  the  analytically  derived  expression  , 


=  0.727  ~Y 

^  Vr, 


where;  W  -  craft  weight,  pound 

P.,  =  cushion  pressure,  Ib/ft^ 


Water  t£urik  tests  of  various  models  have  shown  that  the  wave 
drag  is  negligible  below  a  Froude  nuinber  of  0.2  and  peaks 
at  a  of  0.67,  giving  a  drag  value  equal  to  0.8  D^.  This 
con5)0**ent  is  shown  in  Figure  6-10  as  a  function  of 


An  edr  cushion  vehicle  in  overwater  operation 
will  spend  a  large  proportion  of  its  time  in  wave  conditions 
such  that  there  will  be  nonsiderable  contact  between  the  wa¬ 
ter  surface  and  the  flexible  skirts.  Visual  observations  of 


the  type  of  skirt  used  on  the  VA-3  has  shown  that  the  skirts 
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"plane"  on  the  water  surface.  Skirt  drag  is  therefore  a 
function  of  the  craft  velocity,  skirt  wetted  area,  and  the 
ratio  of  wave  height  to  air  gap.  Skirt  drag  has  therefore 
been  computed  from  the  formula 

1  2 

^Skirt  ~  2  ^  ^ 

P 

where:  C^j  =  skin  friction  coefficient  given  in  Hoerner's 

^  Fluid  Dynamic  Drag 

S^^  =  skirt  wetted  area,  based  on  trochoidal  waves 

having  a  length-to- height  ratio  of  12:1 

These  components  have  been  computed  and  are  shown  on  Figure 
6-11  for  a  3-inch  and  a  5,5-inch  hover  height,  as  established 
e^q^erimentally  on  the  VA-3  lift  power  settings  used  during  the 
test  period, 

2,  Data  Accuracy 

a.  Measurement  Errors 

The  dat?t  collected  during  the  test  is  subject 
to  error  from  craft  instrumentation  and  from  the  accuracy  with 
which  the  data  could  be  read  from  the  tracks.  The  reading  ac¬ 
curacies  are: 
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i) 

Propeller  pitchs 

+ 

1  degree 

2> 

Relative  wind; 

+ 

]  knot 

3) 

Velometer  wind  reading 
(taken  on  woricboat)  : 

1 

0.5  knot. 

4) 

Doppler  water  speed; 

•t 

1  knot 

The  basic  instrument  errors  were  taken  cut  by  calibration 
where  possible.  The  larger  random  error  introduced  above  is 
the  +  1  degree  in  propeller  pitch  angle,  which  corresponds 
to  +  300  pounds  of  drag.  This  error  was  due  to  hysteresis 
in  the  pitch  control  mechanism  under  load.  The  instrumentation 
pickup  point  was  as  close  as  possible  to  the  propeller  pitch 
change  mechanism. 

b.  Errors  Introduced  by  the  Operational 

Environment 

Any  vehicle  operating  in  close  proximity  to 
a  surface  interface  is  subject  to  measurement  errors  introduced 
by  the  interface.  An  air  cushion  craft  is  subjected  to  both 
wind  and  waves.  To  provide  an  accurate  data  correlation,  in¬ 
strumentation  of  a  higher  order  than  that  used  on  this  test 
should  be  provided.  The  wave-height  variation  actually  ex¬ 
perienced  by  the  craft  should  be  measured,  and  the  craft  re¬ 
sponse  and  phase  lags  established. 
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The  %^ator  speed  introduced  by  tidal  and  wind 
action  in  the  test  area  is  a  correction  that  should  be  applied 
to  the  Doppler  speed  iiieasurement,  and  therefore  should  be  known 
over  the  test  area. 

For  the  present  program,  the  test  area  could 
not  be  adequately  covered  by  the  work  boat  on  which  the  cur¬ 
rent  measuring  instrument  was  mounted.  It  is  estimated  that 
the  craft  speed  may  therefore  be  in  error  by  +  2  knots. 

The  wind  presents  a  far  more  difficult  pro¬ 
blem,  in  that  surface  wind  gradients  and  gusts  are  presented 
that  could  have  a  serious  effect  on  the  propeller  thrust 
^.stimates  and  on  the  profile  drag  and  momentum  drag  conponents. 

Tests  run  over  level  ground  with  accurate  wind 
measurement  and  photographic  coverage  of  the  craft  speed  would 
establish  the  effect  of  wind  speed,  and  also  the  interference 
effect  of  the  craft  flow  field  on  the  craft  instruinentation. 
This  was  beyond  the  scope  of  the  present  tests,  and  therefore 
the  relative  wind  was  used  for  the  craft  airspeed  rather  than 
Doppler  speed  +  wind  speed. 


6-33 


The  results  will  therefore  reflect  errors  due 


to  variations  in  heading  angle,  wind  speed,  and  direction.  In 
fact,  correlation  between  the  Doppler  speed,  wind  speed,  and 
relative  wind  speed  could  not  be  established  due  to  apparent 
errors  in  the  wind-direttion-measuring  device.  These  errors 
would  have  been  due  to  a  combination  of  the  d^mamic  response 
of  the  instrument  and  also  to  craft  interference,  shovdng  that 
further  studies  in  this  area  are  required, 

3.  Drag  Test  Results 

The  data  from  the  VA-^  test  program  has  been  re¬ 
duced.  The  thrust  available  for  a  giveii  propeller  pitch 
angle  and  relative  wind  has  been  discussed  in  Section  VIA, 
and  has  been  used  to  establish  the  steady  state  drag  under 
the  following  test  conditions? 

1)  Wave  heights,  up  to  54  inches 

2)  Wind  speeds,  up  to  20  knots 

3)  Hover  height,  3,0  inches  and  5,5  inches 
average  air  gap  between  the  flexible  skirt 
and  ground 

4)  Center  of  gravity,  from  0,3  to  12.1  inches  aft 
of  the  craft  datum. 
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Drag  is  presented  in  Figures  6~12  through  6-19  as  a  function 
of  water  speed  (Doppler)  with  sea  state,  wind  direction,  and 
hover  height  as  parameters.  Maximum  speed  variation  with 
sea  state  is  shown  in  Figure  6-20.  For  the  purpose  of  data 
presentation,  the  sea  state  was  assumed  to  depend  on  wave 
height  only,  in  accordance  with  the  definition  given  below: 


Sea  State 

— ■■unmiiirM  "mo  ii 

0 

1 

2 

3 


Wave  Height 
Less  chan  6  inches 
6  to  3.2  inches 
12  to  30  inches 
30  to  54  inches 


The  normal  weight  variation  fell  between  29,800  and  32,100 
pounds.  Analysis  indicated  that  any  effect  of  weight  variation 
was  not  distinguishable  v;ithin  the  data  scatter. 

The  effect  of  variation  in  p.itcn  trim  on  drag, 
however,  was  evident  in  the  data,  as  shown  on  Figures  6”12 
and  6-13.  A  center-of-gravity  movement  of  +10  inches  forward 
corresponds  to  a  decrease  in  drag  of  500  pounds .  There  ap¬ 
pears  to  be  d  pitch  effect  on  drag,  as  indicated  by  the  data 
in  Figures  6""i2  and  6-13  for  sea  state  0.  A  drag  increment 
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Figure  6-12.  VA-3  Drag  Data , Comparison  of  Test  Data  with  Theory, 
Sea  State  0,  Headwind 
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gravity  movement  can  be  inferred  from  these  data  in  view 
of  the  scatter.  However,  additional  test  points  are  re¬ 
quired  to  confini!  the  influence  of  center— of— gravity  move— 
me  Jit  on  drag . 


It  will  be  observed  that  the  above  drag  decrease 
can  be  considered  as  an  incremental  thrust.  Section  VID  has 


Figure  6-20, 


VA-3  Maximum  Speed,  Effect  of  Wave  Height 
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shown  that  a  center  of  gravity  Kovement  cf  10  ixichee  while 
hovering  over  water  causes  a  pitch  angle  variation  of  H 
degree.  Corresponding  a  h  degree  picch  down,  and 
assuming  a  discharge  coefficient  of  1«0,  an  incremental 
thrust  of  529  pounds  may  be  calculated  due  to  assinnetric 
outflow  from  the  cushion.  To  realise  this  increment,  the 
craft  would  have  to  be  initially  level  and  in  calm  sea  to 
avoid  drag  from  the  skirts  contacting  the  v;ater.  This  was 
the  case  for  the  VA-3,  for  the  results  of  Section  VIE  show 
that  for  a  water  speed  between  40-50  knots  the  VA-3  has 
sero  pitch  angle. 


To  provide  a  valid  comparison  with  the  test  data, 
the  drag  corresponding  to  each  test  point  was  estimated  '►'y  the 
method  given  in  th j  section  on  theoretical  drag  estimates.  A 
resultant  mean  curve  for  the  estimated  drag  is  shown  in  the 
figures.  The  comparison  shows  that  the  estimated  drag  is 
lower  than  the  experiraental  data. 


An  attempt  was  made  to  analyze  the  difference  be¬ 
tween  the  theory  and  the  experimental  data  at  sea  state  zero, 
by  plotting  the  drag  difference  as  a  function  of  water  speed 
(shown  in  Figures  6-21  and  6-22),  and  as  a  function  of  relative 
air  velocity  (shown  in  Figures  6-23  and  6-24).  It  is  not  clear 
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Figure  6-23,  Deviation  of  Test  Data  from  Theory,  Sea  State  0, 
Headwind,  Drag  vs  Relative  Wind  Speed 


Figure  6--24.  Deviation  of  Test  Data  from  Theory,  Sea  Svate  0, 
Tailwind,  Drag  vs  Relative  Wind  Speed 
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from  the  curves  whether  the  difference  in  drag  was  a  function 
of  either  the  relative  air  velocity  or  the  Doppler  spcedo 
However,  it  is  apparei:t  that  the  drag  increment  is  greater  for 
the  tailwind  than  the  headwind  case,  and  the  drag  increment  is 
greater  for  the  5,5  inch  hover  height  case  than  the  3  inch 
hover  height.  The  reason  for  the  drag  increase  is  not  readily 
apparent;  it  cov.ld  be  due  to  errors  in  profile  drag,  craft 
interference  with  the  propeller,  or  spray  drag.  Further  de¬ 
tail  analysis  of  the  data  collected  during  the  prograni  may 
provide  additional  drag  data  to  clarify  the  above.  To  assist 
in  defining  the  source  of  error,  the  craft  should  be  run  over 
level  ground  at  speed  so  that  spray  drag  effects  are  eliminated. 
The  propeller  chruat  could  also  be  verified  by  strain-gaging 
the  propulsion  engine  mounts  to  detenTtine  the  force  transferred 
into  the  Ci'aft. 

One  conclusion  that  can  be  drawn  from  the  error 
analysis  is  that  the  theoretical  estimate  for  skirt  drag  is 
substantially  correct.  Because  skirt  drag  varies  with  sea 
state  (Figure  6-11),  and  the  other  theoretical  drag  terms  are 
substantially  independent  of  sea  state  (Figure  6-9) ,  any 
deviation  in  actual  skirt  drag  from  the  theory  would  have 
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caused  the  overall  drag  error  to  either  increase  or  decrease 
mth  changing  sea  states.  An  error  analysis  at  sea  states 
If  2,  and  3,  corresponding  to  the  anaiyais  at  sea  state  0 
referred  to  in  the  preceeding  paragraph,  revealed  that  the 
error  was  alinost  ccnstant  at  any  given  forward  speed.  The 
theoretical  skirt  drag  estimate  can  be  assumed,  therefore, 
to  be  substantially  correct. 


The  drag  results  from  the  VA-3  progrctm  haves  shown 


that 

1)  Small  variations  in  weight  were  not  discernible 
within  the  data  scatter 

2)  Skirt  drag  was  estimated  with  reasonable  ac¬ 
curacy 

3)  Pitch  trim  will  affect  the  craft  drag  for 
small  pitch  angles 

4)  The  drag  was  underestimated  at  45  knots  by 
10  to  30  percent;  further  analysis  and  tests 
over  smooth  level  ground  are  required  to 
identify  the  source  of  additional  drag 

5)  The  craft  maximum  speed  was  overestimated 
by  5  knots 


C.  OPERATIONAL  AND  MODEL  TESTS  DURING  THE  VA-5  DEVELOPMENT 
Tlie  VJ\“3  has  undergone  continuous  developnent  since  its 
conception  in  1961.  The  principal  developnent  effort  has  been 
to  obtain  clearance  between  the  grouid  and  the  hard  structure 
in  the  most  efficient  manner  possible. 
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At  the  time  of  the  preliminary  design  of  the  VA-3,  the 
advantages  of  flexible  skirts  were  not  appeirent.  The  pre¬ 
liminary  design  and  models  of  the  VA-3  were  based  on  re¬ 
circulation  concepts  (References  2  and  68),  However, 

Vickers '  subsequent  experience  with  the  VA-1  machine  showed 
that  the  recirculation  concept  was  not  practical.  The  VA-3 
design  was  then  changed  to  a  simple  peripheral  jet.  Tests 
were  conducted  to  establish  the  desirable  jet  width  and  the 
best  configuration  layout  for  stability  both  in  pitch  and 
roll  (Reference  12)  for  a  minimum  of  stability  airflow. 

Model  tests  were  also  conducted  on  single-sided  jet  exten¬ 
sions  (Reference  46)  and  spray  deflectors  (Reference  58), 
both  of  which  were  installed  in  the  VA-3,  The  spray  de¬ 
flectors  improved  hoverheight  but  were  removed  after  damage 
from  high  water  loads.  The  jet  extensions  achieved  on^v  a 
limited  success  due  to  periodic  damage  sustained  during 
operation.  This  damage  was  attributed  to  lack  of  flexibility. 

In  addition  to  the  above  tests  on  jet  configuration, 
ccsnponent  tests  were  made  on  lift-fan  air  intakes  (Reference 
56  et  al) ,  installed  centrifugal  impeller  characteristics 
(Reference  62  et  al),and  the  aerodynamic  characteristics 
includir^  interference  effects  (Reference  51).  Early  water 
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tank  model  tests  without  flexible  skirts  were  conducted  to  es¬ 
tablish  the  ditching  characteristics  of  the  VA-3.  These  tests 
resulted  in  the  shape  of  the  brw  being  modified.  Later  tests 
were  made  at  speeds  up  to  60  knots  to  establish  the  wave 
response  to  uniform  waves  and  succeeded  in  the  identification 
of  the  craft  resonant  frequency  range.  Operational  experience, 
hov;ever,  showed  that  resotiance  conditions  never  occurred,  pre¬ 
sumably  because  of  the  random  nature  cf  the  sea  and  the  craft 
damping  characteristics. 

The  above  model  tests  withour  flexible  skirts  concluded 
the  Wv-3  model  test  program. 

The  VA-3  was  then  put  in  fare-paying  service  for  2  months 
to  obtain  field  maintenance  experience  and  passenger  reaction 
on  noise  and  comfort  levels.  The  fare-paying  service  ended 
after  a  gale  caused  the  VA-3  to  drag  her  moorings  and  be 
damaged  against  a  sea-wall. 

While  the  craft  was  being  repaired,  the  pressure  flow 
characteristics  of  the  present  VA-3  skirts  were  established 
by  static  tests  (Figures  6-25  and  6-26),  The  VA-2  was  used  as  a 
test  vehicle  for  2- foot  skirts  very  similar  to  the  proposed 
VA-5  skirts.  After  successful  conclusion  of  these  tests,  3- foot 
skirts  were  fabricated  and  installed  on  the  VA-3. 
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In  view  of  the  skirt  tests  on  the  VA-2,no  further  model 
testing  on  thf  VA-3  was  considered  necessary  to  predict  per¬ 
formance  with  3-foot  flexible  skirts.  The  performance  char¬ 
acteristics  were  based  on  the  original  VA-3  configuration 
tests,  the  flow  tests  of  full-scale  skirt  sections,  and  the 
tests  of  yA-2 .  Therefore, no  direct  comparison  can  be  made  of 
full-scale  VA-3  (with  3-foot  skirts)  tests  with  wind  tunnel 
or  water  tank  model  tests. 


I:::: 


Figure  b-26,  VA-3  Flexible  Skirt  Characteristics,  Volume  Flov; 
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D.  STABILITY  AND  CONTROL 

i.  Stability 

a.  Introduction 

The  static  and  dynamic  stability  chciracteris-' 
tics  were  investigated  during  the  three  basic  operating  modes 
of  the  craft:  as  a  displacement  veigsel^  on  cushion  ever  land, 
and  on  cushion  over  water. 

b.  Displacement  Mode 

When  floating,  the  craft  acts  as  a  normal  dis¬ 
placement  vessel;  and  conventional  naval  architectural  con¬ 
cepts  of  stability  can  be  applied.  Tests  were  carried  out  to 
determine  the  metacentric  heights  in  pitch  and  roll;  these 
tests  consisted  of  moving  ballast  fore  and  aft  a  known  distance 
along  the  craft  center  line  and  measuring  the  resulting  change 
in  pitch  angle.  The  test  for  roll  was  identical,  except  the 
ballast  was  moved  across  the  craft.  Ho  dyncunic  stability  tests 
were  made  for  this  mode, 

c .  Over- Land  Mode 

The  static  and  dynamic  stability  characteristics 
for  the  over-land  mode  were  determined  with  the  craft  tethered 
on  a  prepared  concrete  pad.  The  static  stability  tests  con¬ 
sisted  of  measuring  the  craft  stiffness  in  heave,  pitch,  and 
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roll  with  the  lift-engine  power  being  varied  to  cover  the 
range  between  minimiim  power  (lift-off)  and  the  TJaximum  avail¬ 
able, 

Dyncunio  stability  was  assessed  by  forcing  oscil¬ 
lations  in  the  roll  and  pitch  modes,  using  the  spoilers  and 
propulsion  engine  thrust,  and  recording  the  decay  of  the  re¬ 
sulting  oscillations  to  calculate  the  degree  of  damping  present, 

Ho  attempt  was  made  to  determine  the  effects  of 
forward  speed  on  the  stcibility  characteristics  in  this  mode  of 
operation  because  a  suitable  test  area  could  not  be  easily 
obtained . 

d ,  Over-Water  Mode 

The  over-water  mode  tests  consisted  of  forcing 
the  roll  mode  of  oscillation  using  the  spoiler  controls  at  var¬ 
ious  speeds.  The  tests  were  performed  on  a  calm  day  in  shel¬ 
tered  water, 

e.  Results 

(1)  Displacement  Mode 

The  metacentric  height  is  given  by 


vvhere : 


A  w  =  weight  moved 


X  =  distance  weight  is  moved 
W  =  gross  weight  of  craft 

7  =  angular  displacement  of  craft  due  to  movement  of 
A  w  through  x 

The  displacements  y  were  piotteu  ayainsL  x  for  each  case  taken. 

For  roll  case.  Aw  =  2,370  pounds 

W  =  31,415  pounds 

From  Figure  6-27,  for  x  =  200  inches 

7  =  52  minutes 

and  tan  y  -  0.01512. 

Then,  GM  -  83.3  feet. 

For  the  pitch  case.  Aw  =  2,370  pounds 

W  -  31,415  poxinds 

Now,  from  Figure  6-28  for  x  =  300  inches, 

7  =  25  minutes 

and  tan  y  =  0.00727. 

Then,  m  ~  259.4  feet. 

(2)  Overland  Mode 

(a)  Heave  Tests 

The  results  of  the  heave  stiffness 
tests  are  shown  in  Figures  6-29  2ind  6-30.  It  ceun  be  seen  that  the 
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splacement  Mode,  Pitch  Test 


changes,  in  stiffness  are  negligible  with  lift  engine  power 
and  craft  weight  in  the  normal  operating  range. 

The  curves  show  the  heave  stiffness, 

KZf  to  be  48,552  pounds  per  foot.  Thus,  at  the  normal  ope¬ 
rating  weight  of  29,400  pounds,  the  rigid  body  heave  frequency, 

f_  =  1,16  cps. 

2) 

(b)  Pitch  Tests 

The  rotations  about  the  pitch  axis 
for  various  craft  center-of-gra*7ity  positions  relative  to 
datum  at  a  fixed  craft  weight  are  shown  in  Figure  6-31,  The 
skirt  was  cleeu:  of  the  ground  at  ail  times,  and  the  rise  height 
at  the  center  of  gravity  remained  constant. 

The  pitch  stiffness,  signified  by  K9, 

is  the  moment  required  to  rotate  the  craft  by  1  radian,  a  value 

of  K9  =  3,396,278  Ib-ft/rad  is  derived  from  Figure  6-31.  Because 

the  radius  of  gyration  in  pitch  is  12.7  feet,  then  at  an  operating 

2 

weight  of  29,000  pounds,  the  pitch  inertia,  I9  =  4,731,926  Ib-ft  . 

This  gives  a  pitch  natural  frequency,  f0  =  0.76  cps;  and,  finally, 

the  critical  dan5)ing  {Dq)  =  1.406  x  lO**  Ib/ftVsec.  The  data 

crit 

obtained  from  the  deiit5>ing  tests  proved  to  be  unusable. 
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(c)  Roll  Tests 


The  roll  attitudes  taken  up  by  the 
craft  for  various  center-of-gravity  displacements  from  the 
datum  are  shewn  in  Figure  6-32.  The  roll  stiffness  can  be 
expressed  as 

»  0.4166  10^  +  82.82  x  10^  3j3-ft/rad 

The  system  with  the  2ibove  spring  characteristics  has  been  ana¬ 
lyzed  in  Appendix  A  and  yields  the  following  values  of  roll 
frequency,  vdiich  are  also  shown  in  Figure  6-33 „ 


TABLE  6-6.  ROLL  FREQUENCIES  FOR  VARIOUS  ROU.  ANGLES 


Maximum  Roll  Angle,  0m  f0 

(degrees)  (cps) 

0  0.426 

0.5  0.428 

1.  0.435 

1.5  0.447 

2  0.463 

2.5  0.482 

3  0.505 
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Jn  the  analysis  of  the  roll  damping, 
the  reference  value  of  damping  (%. )crit  taken  con¬ 

sistent  with  the  zero  roll  angle. 

Because 

=  1,375  X  iO^ 

0 

(D . )  .  =  0,73174  f.  X  10^  ib~ft^/sec 

0  crit  0 

Therefore, 

(D  )  .  =  0,3115  X  10^  ib-ftVsec 

0  crit 

Analysis  of  the  damping  records  was  carried  out  by  the  method 
shown  in  Appendix  B  and  yielded  the  following  results: 


TABLE  S-7.  DAMPING  WITH  PROPULSION  ENGINES  AT  75-PERCENT  POWER 


Lift  Engine 

RPM 

Spoiler 

Application 

Damping 

Percentage 

Critical 

33,000 

Port 

27.0 

Starboard 

17.8 

30,000 

Port 

30.0 

Starboard 

15.0 

27,000 

Pert 

mm  mm 

Starboard 

mmmm 
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DAMPING  nITK  PROPULSION  ENGINi:#5  SrOPJt'tiD 


fllTV  OT  t? 


Lift  Engine 

RPM 

Spoiler 

Application 

Damping 

Percentage 

Critical 

33,000 

Port 

31,4 

Staurbocurd 

18.1 

30,000 

Port 

36.3 

Starboard 

26.3 

27,000 

Port 

Staurboaurd 

— 

(3)  Over-Water  Mode 

Only  damping  tests  were  performed  for 
the  over-water  mode;  the  method  of  analysis  is  given  in 
Appendix  B.  The  results  of  this  analysis  are  as  follows: 


TABLE  6-9.  DAMPING  WITH  MINIMUM  LIFT  POWER  (27,000  RPM) 


Doppler  Speed 
(kno-cs) 

Spoiler 

Application 

Damping 

Percentage 

Critical 

10 

Port 

3.0 

Starboard 

31.0 

25 

Port 

9.6 

Starboaurd 

11.5 

36 

Port 

16.1 

Staarboard 

24.7 

45 

Port 

Staurboard 

16.6 

I. 
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TABT.R  6-10.  D.AMPING 


rjLji 


\ jj , uuu  Krn; 


Doppler  Speed 
(knots ) 

Spoiler 

Application 

Damping 

Percentage 

Critical 

10 

Port 

Starboard 

__ 

25 

Port 

10.1 

Starboard 

CO 

CO 

30 

Port 

10.3 

Starboard 

6.1 

38 

Port 

10.2 

Starboard 

25.4 

f.  Discussion 

(1)  Displacement  Mode 

The  metacentric  heights  determined  are 
very  large,  certainly  many  times  those  common  in  ship  design 
practice.  These  values  stem  in  part  from  the  very  wide  beam 
of  the  VA-3.  One  consequence  of  the  large  metacentric  height 
is  that  tne  roll  and  pitch  periods  will  be  very  short,  making 
a  synchronous  pitch  or  roll  condition  highly  unlikely.  The 
short-period  waves  necessary  to  achieve  frequency  coincidence 
would  be  of  small  amplitude  compared  to  the  dimensions  of  the 
craft,  making  the  extraction  of  energy  difficult. 
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In  practice,  the  VA-3  behaves  like  a  raft, 
always  taking  up  roll  and  pitch  angles  consistent,  with  the 
local  slope  of  the  waves  whenever  the  wavelength  is  more  than 
twice  the  craft  length. 

(2)  Overland  Mode 

The  stiffness  tests  show  the  craft  to  be 
statically  stable  over  the  normal  operating  range.  In  heave, 
the  effects  of  weight  and  lift  engine  power  on  the  stiffness 
are  negligible.  In  roll,  the  craft  exhibits  pronounced  non¬ 
linear  "hard  spring"  characteristics.  The  natural  frequencies 
in  heave,  pitch,  emd  roll  are  well  separated  and  give  ride 
characteristics  more  akin  to  those  of  a  domestic  automobile 
than  to  those  of  a  planing-hull  displacement  craft. 

Attenpts  to  force  the  heave  and  pitch  modes 
of  oscillation  to  cbtciin  decay  records  proved  to  be  abortive. 

The  an^litudes  of  the  oscillation  forced  with  the  means  available 

proved  to  be  so  small  (and  dcuijied  out  so  quickly)  as  to  negate  \ 

I 

any  analysis.  The  roll  mode  was  forced  by  applying  the  full  | 

spoiler  angle  on  one  side  of  the  craft  as  quickly  as  possible  | 

and  then  returning  to  neutral  immediately;  this  resulted  in  a  | 

1 
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pulse-like  forcing  function.  Even  so,  the  roll  mode  proved  dif¬ 
ficult  to  force,  particularly  at  the  minimum  lift  power  settings 
where  the  amplitudes  were  of  the  order  of  0.25  degree  and  decayed 
within  a  cycle. 


Substantially  higher  damping  was  shown  in 
cases  in  which  the  initial  disturbance  rolled  the  port  side  of 
the  craft  downward  (that  is,  when  the  port  spoiler  was  in  use). 
Initially  this  was  assumed  to  be  d'’a  to  the  torque  reaction  of 
the  propulsion  units,  both  prope.llers  of  which  rotate  in  the 
same  direction.  However,  a  repear  of  the  tests  with  the  pro¬ 
pulsion  engines  stopped  gave  closely  similar  results.  These 
results  cannot  be  'explained  satisfactorily  in  the  light  of  the 
symmetry  of  the  roll  stiffness  characteristics. 

(3)  Ch'erwater  Mode 

No  static  stability  measurements  were  taken 
during  the  present  series  of  tests  while  hovering  over  water; 
however,  some  Vickers  data  is  available  that  shows  (Figure  6-34) 
the  pitch  stiffness  over  water  to  be  of  similar  order  to  that 
over  land.  This  is  confirmed  by  the  accelerometer  records  taken 
during  the  over-water  trials;  generally,  the  craft  responded  in 
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igure  6-34.  VA-3  Static  Stiffness  in  Pitch,  Ovarwater  Test 
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roll  and  pitch  at  approximately  those  frequencies  calculated 
from  the  hovering  stiffness  results.  No  significant  response 
at  the  heave  natural  frequencies  was  noted.  For  future  trials. 
Republic  recommends  that  a  spectrum  analysis  be  conducted  on 
the  response-tijte  history;  this  will  establish  the  differences 
in  cushion  characteristics  between  land  and  water  and  enable 
any  stiffness  degradation  with  forwcird  speed  to  be  determined. 

The  damping  computed  during  the  over-water 
runs  proved  to  be  erratic.  Even  though  the  tests  were  con¬ 
ducted  on  a  calm  day  in  sheltered  water,  low- frequency'  forcing 
of  the  roll  mode  was  evident.  Because  the  roll  excitation  from 
the  spoilers  was  not  large,  selection  of  the  forced  response 
components  on  the  record  was  difficult.  Within  these  limita¬ 
tions  and  over  the  range  of  speeds  tested,  no  apparent  corre¬ 
lation  between  damping  and  forward  speed  is  evident, 

2  ,  Control  and  Maneuvering 

a.  Phase  A  -  Over-Water  Runs 

During  the  testing,  it  was  concluded  that  the 
best  method  of  operation  in  sea  states  0  to  1  was  to  run  at 
minimum  hover  height;  while  in  sea  state  1  to  3,  running  at 
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maximum  hover  height  proved  superior.  The  reason  for  this 
is  that  in  low  sea  states,  the  momentum  drag  can  be  reduced 
with  little  or  no  increase  in  wave  drag.  In  higher  sea  states, 
the  increase  in  wave  drag  is  not  offset  by  the  reduction  in 
momentum  drag. 


GEM  craft  are  very  susceptible  to  side  wind 
loads.  In  coastal  water,  wind  velocity  and  direction  con¬ 
tinually  change  due  to  land  mass  interference.  Therefore, 
a  good  yaw  and  roll  control  system  is  required.  It  was  found 
that  both  the  rudder  control  and  spoiler  control  of  the  VA-3 
are  adequate,  but  there  are  paurts  of  the  systems  that  can  be 
improved . 


For  example,  the  rudder  pedal  forces  were  ex- 
cessive,  and  it  was  noted  that  the  drivers  continually  over¬ 
corrected  in  attempting  to  steer  a  course.  In  some  runs,  10 
to  30  changes  of  rudder  position  per  minute  were  recorded. 
Rudder  control  was  most  effective  during  beaan  sea  operation. 
The  combination  of  high  pedal  forces  and  the  numerous  changes 
employed  were  extremely  exhausting  for  the  driver.  Therefore, 
either  an  alternate  method  of  yaw  control  should  be  used  in 
the  future,  or  the  system  should  be  improved  by  the  use  of 
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boosters  and  servos.  It  should  be  noted  that  all  drivers  pre¬ 


ferred  to  employ  differential  propeller  pitch  in  making  turns, 
although  the  rudder  control  system  could  have  been  used. 

A  number  of  times  during  this  phase  of  testing, 
there  was  a  tendency  of  the  bow  to  be  drawn  down  into  the 
water  while  the  craft  was  traveling  at  speeds  above  40  knots. 
Once,  because  of  this  phenonenon,  the  craft  actually  ditched 
while  traveling  downwind  at  46  knots.  Further  investigation 
of  this  situation  should  be  conducted  with  additional  thrust 
provided  to  allow  investigation  at  increased  maximum  operating 
speeds. 


b.  Phase  B  -  Surf  Tests 

The  best  method  for  driving  to  shore  over 
breaking  surf  was  to  employ  minimum  hoverheight  and  at  the 
same  time  to  adjust  the  forward  propulsion  speed  to  the  ap¬ 
parent  forward  velocity  of  the  breaking  surf.  The  craft  should 
come  directly  across  the  surf  line,  with  the  longitudinal  center 
line  of  the  craft  and  the  surf  line  at  approximately  90  degrees. 
Some  extra  forward  thrust  is  recommended  to  prevent  the  craft 
from  slowing  down  as  it  approaches  the  beach. 
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In  re-entering  the  siirf,  maximum  hoverheight 
should  be  employed,  and  the  amgle  between  the  longitudinal 
center  line  of  the  craft  and  the  surf  line  should  again  be 
90  degrees*  The  speed  of  the  craft  should  be  at  least  15 
knots  and  should  be  adjusted  to  minimize  the  pitching  of  the 
craft.  It  was  found  that  the  initial  wa<re  encountered  does 
not  impose  as  much  a  problem  ao  subsequent  waves,  especially 
when  the  waves  are  closely  pitched  (35  feet  or  less),  because 
the  first  wave  encountered  tends  to  put  the  craft  in  a  nose 
down  attitude  in  relation  to  oncoming  waves*  One  method  to 
minimize  this  effect  is  to  cross  the  surf  line  at  a  slight 
angle  off  90  degrees  (no  more  than  10  to  15  degrees  off) •  An 
attempt  should  also  be  made  to  maneuver  the  craft  to  minimize 
the  number  of  waves  negotiated  at  the  point  where  they  break, 

c*  Phase  C  -  Long-Crested  Wave  Rv;ns 

Long  crested  swells  in  the  radius  of  the  test 
eurea  never  exceeded  150  feet.  Tests  were  therefore  conducted 
within  this  wavelength.  It  is  noted  that  the  pattern  was  an 
octagon.  Therefore,  part  of  the  teat  was  conducted  with  the 
wave  fronts  at  45  degrees  to  the  craft  longitudinal*  This 
made  the  effective  wave  lengths  210  feet.  It  was  found  that 
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the  craft  negotiated  4-foot  waves  in  this  type  of  sea  with 
little  or  no  impacts. 

c.  Phase  D  -  Over-Land  Runs 

Over  level  terrain  the  craft  is  extremely  sen¬ 
sitive  to  wind  velocity  and  direction.  The  best  method  for  ma¬ 
neuvering  is  to  employ  minimujn  lift  power  and  allow  the  skirts 
to  drag.  This  imposes  controllability  at  the  expense  of  skirt 
wear.  Cushion  exhaust  presented  no  problem  to  nearby  observers. 

E.  SEA  KEEPING 

1.  Acceleration  Data 

The  accelerometer  records  taken  during  Phase  A  trials 
in  sea  states  2  and  3  were  analyzed.  The  amplitudes  traced  on 
these  records  were  random,  so  statistical  methods  were  used  to 
describe  them  quantitatively. 

The  technique  used  was  as  follows;  Periods  during 
which  the  craft  speed  and  heading  remained  constant  were  de¬ 
termined.  The  number  of  times  the  trace  crossed  a  given  ac¬ 
celeration  threshold  level  over  each  such  period  was  counted. 
The  frequency  of  occurrence  of  maxima  in  any  acceleration  band 
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could  thus  be  cot^uted,  together  with  the  cumulative  probability 
(the  probability  of  achieving  an  acceleration  equal  to  or  greater 
than  a  given  level)  arid  the  probability  density* 

The  major  part  of  the  analysis  was  conducted  using 
records  from  the  bow  accelerometer,  because  the  greatest  levels 
were  achieved  there,  and  they  could  be  assessed  more  conveniently. 
However,  for  con^eirative  purposes,  a  liiidted  atmount  of  data  from 
the  accelerometer  near  the  center  of  gravity  was  analyzed,  be¬ 
cause  this  provides  information  as  to  the  relative  comfort  in 
the  passenger  cabin. 

In  long-crested  waves,  the  craft  executes  a  coupled 
heave  and  pitch  motion  as  it  "contours”  the  waves  (similar  to  a 
hydrofoil),.  The  bow  aiid  centsr-*of-gravi ty  accelerometers  were 
in  phase  while  the  stem  acceler(^eter  was  out  of  phase.  This 
situation  was  found  whenever  the  sea  state  was  well  defined  with 
a  predominant  wave  direction. 

In  short-crested  waves,  the  craft  tended  to  plow 
through  succeeding  wave  crests  with  small  pitch  changes.  This 
was  accon^anied  by  longitudinal  accelerations  of  the  craft; 
however,  these  rarely  exceeded  O.lg. 


The  craft  was  ;:aken  out,  off  Mont  auk  Point  in  a  9-  to 


12- foot  confused  sea,  which  would  correspond  to  sea  state  5, 
with  wave  lengths  (35  feet)  much  shorter  tJian  those  ccnsistent 
with  such  a  sea.  On  this  run  quite  pronounced  pitch  and  roll 
v;as  experienced,  with  bow  normal  accelerations  of  i.5g  being 
encountered,  together  with  longitudinal  accelerations  of  up 
to  0.6g  in  the  aft  direction.  The  rearward -facing  searing 
proved  to  be  particularly  good  in  those  seas. 

The  results  of  analysis  on  the  acceleration  time 
histories  are  shown  in  Figures  6-35  to  6-45,  Figures  6-35  and 
6-36  show  the  effect  of  lift  engine  power  when  operating  in 
sea  states  2  cind  3,  respectively.  In  sea  state  2,  the  maximum 
lift  power  setting  tended  tc  give  the  smoother  rids,  while  in 
sea  state  3  the  minimum  lift  power  setting  reduced  the  proba¬ 
bility  of  experiencing  severe  accelerations.  In  some  cases, 
the  curves  are  not  comparable  because  a  speed  differential 
exists;  these  differences  occurred  because  the  driver  made 
way  at  the  maximum  speed  that  he  felt  to  be  consistent  with 
safe  operation  during  a  grven  test.  (This  is  the  manner  in 
which  the  craft  would  normally  be  operated.)  His  judgment  was 
subjective;  and,  because  little  impression  of  forward  speed  is 
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Figure  6-35,  Effect  of  Lift  Engine  Power  on  Cuipulative  Probability 
of  Bow  Acceleration,  Sea  State  2,  eg  =  5.9  inches 


Figure  6-36.  Effect  of  Lift  Enoine  Power  on  Cumulative  Probabili 
of  Bow  Acceleration,  See  State  3,  eg  =  5.9  inches 


I 

I 

gained  from  the  driver's  position,  he  tended  to  judge  the  I 

of  the  conditions  by  the  accelerations  he  experienced,  | 

I 

If  the  driver's  judgment  had  been  consistent  from  day  to  day,  ^ 

! 

analysis  of  the  records  would  yield  the  same  result  whatever 
the  conditions,  siibject  to  the  craft  performance  limitations. 
Obviously,  in  future  tests  a  more  objective  approach  will  be 
made,  such  as  holding  the  speed  constant.  However,  this 
could  not  be  done  in  this  series  of  tests  due  to  the  con¬ 
flicting  data  requirements  on  the  runs  carried  out  and  the 
desire  to  taVe  maximum  advantage  of  the  infrequent  days  during 
which  the  sea  state  was  high. 

Figures  6-37  and  6-38  show  the  effect  of  operating  in 
sea  states  2  and  3  at  minimum  and  maximum  lift  power  and  the  mid- 
cg  position.  The  curves  demonstrate  the  expected  result  that 
operation  in  sea  state  3  is  more  severe  than  in  sea  state  2, 
the  disparity  between  the  two  sea  states  being  worse  at  maximum 
lift  power.  Figures  6-39  and  6-40  show  similar  data  for  op¬ 
eration  at  the  aft-cg  position.  The  same  broad  conclusions  can 
be  drawn  as  in  the  previous  case;  however,  the  differences  are 
less  pronounced,  because  data  for  the  two  center-of-gravity 
positions  was  obtained  on  two  separate  occasions  as  were  the 
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gure  5-40.  Effect  of  Sea  State  on  Cur.uiative  Probability  of  Bow 


data  for  the  different  sea  state  conditions.  Furthermore, 
contributing  to  the  lack  of  correlation  was  the  imprecise 
definition  of  wave  conditions  specified  by  sea  state  numbers. 

It  was  also  found  in  practice  that  wave  conditions  could  vary 
over  the  test  area  at  any  given  time. 

Figure  6-41  shows  the  effect  of  operation  in  sea 
state  3  at  various  center-of-gravity  positions.  When  running 
upwind  cuid  downwind,  the  forward  center-of-gravity  position 
gives  the  worst  condition,  this  probably  being  due  to  the 
nose-down  pitch  attitude  adopted.  No  plausible  explanation 
is  offered  for  the  differences  between  the  two  runs  conducted 
cross  sea,  but  the  large  speed  difference  between  the  mid-cg 
condition  and  the  remaining  conditions  should  be  noted. 

Figure  6-42  shows  the  probability  density  and  cumu¬ 
lative  probability  distributions  for  operating  in  sea  state  3 
eind  a  9-  to  12-foot  confused  sea  described  earlier.  The  data 
from  the  confused  sea  run  shows  a  broader  distribution  of 
density  than  the  data  taken  at  sea  state  3.  The  cumulative 
probability  shows  only  small  increases,  considering  the  relative 
severity  of  the  two  conditions. 
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igure  6-41.  Effect  of  Center  of-  Gravity  Postion  on  Cumulative 
Probability  of  Bow  Acceleration 


Figure  6-43  shows  the  probabixii-i  distributions  of 
low  accelerat.ion  for  operations  in  sea  state  3  at  the  aft-cg 
position.  Ttie  peaks  in  the  curves  occur  at  the  rms  acceleration 
levels,  and  it  should  he  noticed  that  most  of  the  density  is 
concentrated  between  0.4g  and  0.7g,  which  accounts  for  the 
steep  rise  in  the  cumulative  probability  in  these  regions. 

Figure  6-44  shows  data  read  simultaneously  from  the 
bow  and  center-of-gravity  accelerometers.  This  shows  the  rel¬ 
ative  smoothness  of  the  ride  experienced  by  occupants  of  the 
cabin;  acceleration  levels  of  0.5g  in  this  area  are  exceeded 
infrequently.  Figure  6-45  shows  the  probability  density  dis¬ 
tribution  for  the  run  heading  into  the  prevailing  sea.  The 
contributions  of  the  heave  and  pitch  modes  are  clearly  evident 
in  the  distribution  of  bow  acceleration,  the  contribution  of 
the  heave  mode  to  the  low  acceleration  correlating  well  with  the 
center-of~gravity  acceleration  data, 

2.  Pitch  Data 

The  meeui  pitch  angles  in  sea  state  0  are  shown  in 
Figure  6-46  for  various  forward  speeds.  The  data  indicates 
that  the  VA-3  experiences  a  progressive  pitch  down  with  forward 
speed.  This  is  due  to  the  craft  pressure  wave  creating  an 
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Figure  6-44.  Couiparison  of  Acceleration  Data  Measured  at 
Center  of  Gravity 
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Figure  6-46,  VA-3  Average  Pitch  Angle,  Sea  State  0 
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initial  nose-up  condition  which  decreases  with  increases  in 
forward  speed.  The  effect  of  the  raised  propulsion  thrust 
line  is  to  further  increase  the  crafts  nose-down  attitude. 

Pi ■ jh  angle  corrections,  however,  can  readily  be  made  by 
differential  rpm  settings  of  the  forward  and  aft  lift  fans. 

3.  Roll  Data 

Ihe  pronounced  starboard  list  of  the  craft  is 
shown  in  Figures  6-47  through  6-50.  The  degree  of  list  is 
attributable  to  the  additive  propeller  torques.  An  analytical 
estimate  of  the  roll  produced  by  this  source  compares  favorably 
with  the  results.  The  envelope  of  maximum  roll  angles  in  all 
test  conditions  is  shown  in  Figures  6-47  through  6-50  and 
also  exhibits  a  starboard  bias, 

4.  Spray  and  Wake  Characteristics 

The  spray  generated  by  an  air  cushion  vehicle  is 
dependent  upon  the  cushion  pressure  and  the  air  gap  between 
the  skirts  and  the  water  surface.  Each  craft  v;ill  therefore 
create  its  own  characteristic  spray  pattern.  The  VA-3,  while 
hovering  as  shown  in  Figure  6-54,  is  enveloped  in  its  spray. 
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Figure  6-47.  VA-3  Mcocimum  Roll  Angle,  Sea  State  0 
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Figure  6-48,  VA-3  Mcucimum  Roll  Angle,  Sea  State  1 
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Figure  6-49. 


VA-3  Maximum  Roll 


Angle,  Sea  State  2 
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During  acceleration,  the  spray  is  swept  sideways  along  the 
craft,  as  is  shown  in  Figures  6-51  to  6-56„  At  speed,  the 
figures  show  that  the  spray  is  projected  essentially  parallel 
to  the  water  surface  unti  it  loses  its  momentum,  and  then  the 
bow  causes  the  spray  to  be  swept  sideways  and  rearwards  along 
the  craft. 


The  Wcdce  shows  the  small  degree  of  disturbcince 
produced  by  the  craft  when  above  hump  speed.  The  character¬ 
istic  "keel”  effect  of  the  single-sided  jets  is  clearly  shown. 

F.  OPERATION  IN  SURF 

Surf  Test  Diagrams 

Each  surfing  test  run  consisted  of  an  approach  from 
the  open  sea  through  the  surf,  transition  to  the  beach,  turn¬ 
around  on  the  beach,  and  return  against  the  surf  to  the  open 
sea.  The  runs  were  performed  in  surf  ranging  from  that  of 
near-calm  conditions  to  that  having  7- foot  breakers. 

Data  are  presented  in  the  diagrams  (Figure  6-57) 
as  follows;  An  arrow  directed  to  the  beach  represents  a 
surf  run  from  open  water  to  the  beach.  A  second  arrow. 
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Figure  6-51,  Spray  and  Wake  Pattern  in  a  High-Speed  Turn 


Figure  6-52.  Spray  and  Wake  Pattern  at  High  Speed 
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Figure  6-57.  Surf  Test  Diagrams 
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Figure  6-57,  Surf  Test  Diagriuns  (Cont'd) 
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Figure  6-57.  Surf  Test  Diagrams  (Cont'd) 
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directed  from  the  beach,  represents  the  return  from  the  beach 
to  the  open  water.  The  runs  are  grouped  according  to  the  sea 
and  surf  conditions  that  prevailed  during  the  runs.  The  bow 
vertical  acceleration,  craf+  pitch  angle,  craft  roll  angle, 
and  Doppler  speed  presented  represent  the  data  obtained  while 
traveling  through  the  most  severe  breakers  during  each  run. 

The  approximate  angles  of  approach  and  departure  to  and  from 
the  beach  are  not  drawn  to  scale  but  are  noted. 

2,  Discussion  of  Surf  Tests 

Surf  negotiation  can  be  divided  into  t.^o  parts: 

1)  Negotiating  surf  from  the  open  sea  toward  the 
beach 

2)  Negotiating  surf  from  the  beach  toward  the  open 
sea 

Traveling  to  sea  was  found  to  be  much  more  difficult  than  travel¬ 
ling  to  the  beach  when  the  breakers  were  higher  than  5  feet. 

No  special  techniques  were  required  to  negotiate  surf 
while  heading  toward  the  beach  (Figures  6-58  through  6-GO)  when  the 
surf  was  near  calm  5- foot  waves  or  Jess),  but  surf  producing 

breakers  higher  than  2.5  feet  was  best  negotiated  by  maintaining 
the  craft  centerline  near  90  degrees  to  the  breaker  fronts  and 
running  at  minimum  hover  height. 
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The  best  control  and  smoothest  ride  were  obtained 
when  the  craft  speed  was  adjusted  to  be  equal  to  or  near  the 
speed  of  the  wave  fronts,  so  that  the  craft  traveled  as  far 
as  possible  in  one  trough  between  two  waves,  thereby  cutting 
across  as  few  breakers  as  possible.  As  the  wa\es  began 
breadcing,  they  also  decreased  in  speed,  necessi rating  a  com¬ 
parable  reduction  in  craft  speed.  However,  crossing  breakers 
did  not  appear  to  present  any  great  problems.  Unfortunately, 
averLlable  beach  areas  facing  the  ocean  within  operating 
rcuige  of  the  base  were  narrow  (approximately  100  feet) ,  with 
bluffs  rising  sharply  from  the  inland  portion  of  the  beach. 
Therefore,  it  was  in^ossible  to  approach  the  beach  at  high 
speeds;  however,  from  open  water  tests  in  heavy  seas  it  is 
felt  that  the  craft  could  negotiate  4-  to  5~foot  breakers 
at  higher  speeds  without  undue  control  difficulties. 

In  like  manner,  no  special  techniques  were  re¬ 
quired  to  negotiate  surf  while  heading  toward  open  water  from 
the  beach  (Figures  6-61  through  6-63)  as  long  as  the  breakers 
did  not  exceed  2,5  feet.  However,  as  the  breakers  increased 
in  height,  the  best  techniques  generally  were  to  employ 
meucimum  hover  height  and  a  heading  of  near  90  degrees  to  the 
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Figure  6--63.  Going  to  Sea  Across  Surf, 

Heading  into  Following  Breaker 
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uxeakox  Special  problems  and  rechnlques  follow: 

Travelling  agednst  breaikers  of  5-  to  7- feet  could  produce 
high  water  impacts,  especially  when  crests  were  relatively 
close  together.  The  most  severe  condition  resulted  when 
the  craft  in^acted  a  succeeding  breaker  while  still  in  the 
nose-down  attitude  produced  by  the  sea  side  of  the  proceeding 
breadeer.  This  resulted  in  the  bow  actually  being  buried  into 
the  succeeding  breaker.  A  condition  such  as  this  on  one 
occasion  produced  damage  to  the  starboard  bow  of  the  VA-3. 
(The  design  of  the  VA-3  bow  presents  a  large  flat  concave 
surface  that  is  undoubtedly  not  the  optimum  bow  design  for 
operation  in  these  surf  conditions.)  It  was  noted  that  each 
breaker  rarely  produced  a  continuous  front  over  a  great 
length.  It  is  therefore  felt  that  the  optimum  method  of 
navigating  such  surf  is  to  atten^t  to  maneuver  the  craft  so 
that  a  minimum  number  of  waves  are  negotiated  at  the  breaking 
point.  The  speed  should  also  be  adjusted  to  meet  brecikers 
when  level  or  at  positive  pitch  angles. 
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When  travelling  from  open  water  to  the  beach, 
the  craft  can  negotiate  surf  considerably  higher  them  that 
negotiated  during  tests.  The  surfing  capabilities  while 
departing  from  the  beach  to  open  water  where  large  breakers 
are  present,  could  probably  be  improved  by  one  or  more  of 
the  following: 

1)  A  bow  design  that  does  not  present  a 
wide  flat  surface  to  the  breaker  front, 
as  does  the  VA-3  bow 

2)  A  higher  skirt 

3)  An  inflatable  bow  to  obsorb  impact 
loads 
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The  overland  capabilities  of  the  VA-3  -were  evaluated 
by  determining  its  general  handling  characteristics  over 
varied  land  terrain  such  as  sand  bars,  sandy  soil,  marsh¬ 
land  crossed  with  irrigation  ditches,  undulating  surfaces, 
areas  containing  obstacles  such  as  logs,  stones,  and  miscel- 
Icineous  debris,  and  shear  drops*  A  brief  description  of  the 
specific  leuid  tests  con:’  irrf'-d  is  given  below: 


1)  Operation  over  a  sand  bar,  30  feet  wide  and  sloping 
to  3  feet  high  at  the  center,  at  a  speed  of  25  knots 

2)  Operating  in  4-  to  5-foot  scrub-covered  dunes 

3)  Operation  over  marshland  crossed  with  irrigation 
ditches  at  speeds  up  to  25  knots 

4)  Operation  over  a  sand  bar  containing  a  i-in-7 
slope  at  Doppler  speeds  of  15,  25,  and  30  knots 

5)  Operation  over  a  sandy  slope  of  l-in-5  at  Doppler 
speeds  of  28  emd  30  knots 

6)  Operation  over  a  scrub- covered  dune  with  a  slope 
of  7-in-30,  coupled  with  a  transverse  slope 

7)  Operation  off  a  shear  drop  of  5  feet  at  5  to  10 
knots  (Figure  6-64) , 

8)  Operation  over  a  4-  to  6- foot  drop  off  a  scriab- 
covered  dune  onto  the  beach 

9)  Traversing  a  small  island  containing  a  steep, 
scrub-covered  approach  rising  up  to  8  feet  ele¬ 
vation 
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10)  pperatioil  over  a  sant^  bar  containing  a  steep 
slope  on  one  side  and  a  shallow  slope  on  the 
other  at  speeds  of  5,  15,  and  20  knots 

11)  Measurement  of  minimum  turn  radii  at  various 
speeds  over  land 

Sand  bars  and  tidal  flats  offered  no  problems  in  handling. 
Exposed  sand  bars  (Item  1  above)  approximately  30  feet  wide  and 

sloping  to  3  feet  high  at  the  center  were  crossed  at  speeds  in 

excess  of  25  knots.  During  the  course  of  testing  the  VA-3 

also  crossed  sand  bars  (Items  4  and  5)  at  speeds  up  to  30  knots. 

It  should  be  noted  that  a  rider  in  the  craft  felt  no  sensation 
whatsoever  when  crossing  bars.  One  sandy  section  in  particular 
(Item  9)  was  quite  rough,  with  large  hammocks  and  a  slope  down 
to  the  water's  edge.  Viewing  the  terrain  from  the  craft 
window  left  the  passenger  with  a  feeling  that  the  ride  would 
be  quite  rough  with  a  decided  thump  at  the  water's  edge.  How¬ 
ever,  the  actual  sensation  was  quite  the  opposite,  the  ride 
being  smooth  with  no  sensation  whatsoever  of  the  transition 
back  to  water.  It  should  be  noted  that  the  craft  left  no  tracks 
when  crossing  sand,  the  only  disturbance  being  the  blowing 
around  of  a  relatively  minor  amount  of  sand  (Figure  6-65). 
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The  marsh  area  (Item  3)  had  a  growth  of  approximately 
3  feet  and  was  criss-crossed  with  irrigation  ditches  approxi¬ 
mately  2  feet  wide.  At  low  water,  the  ditches  were  approxi¬ 
mately  2  feet  below  the  tog  surface.  The  craft  was  operated 
at  speeds  of  20  to  25  knots  over  this  terrain  with  no  difficulty. 
The  irrigation  ditches  did  affect  the  cushion  pressure  and  a 
small  loss  of  hover  height  was  experienced,  but  insufficient 
to  cause  contact  of  hard  structure.  Again  no  Imprint  was  left 
in  the  marsh  by  the  VA-3,  but  loose  debris  and  a  small  amount 
of  marsh  grass  was  dislodged  (Figure  5-66. 

Runs  in  undulating  terrains  were  performed  in  an  area 
having  scrub-covered  shallow  sloped  dunes  approximately  4  to 
5  feet  high  (Item  2).  The  areas  were  traversed  at  speeds  of 
10  to  15  knots.  Spoilers  were  used  frequen-^ly  in  an  effort  to 
counteract  side  slopes  and  tc  maintain  a  straight  heading. 
Although  the  general  operation  in  this  terrain  was  satisfactory, 
directional  control  was  found  to  be  difficult,  especially  during 
downwind  runs,  when  the  craft  was  actually  moving  sideways  at 
times. 


During  testing  in  rough  terrain  (Figure  6-67  the  craft 
was  driven  over  a  log  approximately  2  feet  in  diameter.  The 
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r’igure  6-66.  Riding  ov2r  Marshland 
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VJV-3  W-&B  also  tested  over  a  shear  drop  {Iter.  7)  of  5  feet 
at  5  to  10  knots,  contour  map  of  this  location  is  pre¬ 

sented  in  Figure  6-68^  The  area  below  the  shear  v>as  packed 
sand,  which  vK>uld  reveal  any  contact,  Mo  hard  structure  im¬ 
print  was  found,  although  skirt  drag  was  evident.  It  was 
found  during  this  test  and  during  subsequent  operation  off 
steep  slopes  (Itisa  8)  that,  when  the  bow  pirched  down,  the 
cushion  absorbed  the  isqpact  and  prevented  the  cray't’s  hard 
structure  from  touching  the  ground.  Several  other  steep 
slopes  {Item  6)  wer.tt  negotiated  at  various  speeds,  but  at  no 
time  during  the  overlamd  tests  did  the  VA-3  become  stuck, 
although  oncc;  when  crossing  a  sharp  ridge  crest  (Item  9)  at 
2ibout  5  knots  the  center  of  the  craft  was  felt  to  scrape, 
giving  the  iii^ression  that  the  craft  could  be  lodged  on  the 
ridge. 


Minimum  turn  radii  at  various  speeds  were  measured 
using  rudders  only  (Item  11)  (Figuis  5-^9),  Differential  pro¬ 
pulsion  pitch  would  have  decreased  the  turn  radii  but  would 
have  introduced  other  factors  outside  the  scope  of  this  test. 
Stakes  were  placed  150  feet  apart  in  a  line.  The  craft  ap¬ 
proached  the  outboard  stake  at  various  speeds  and  started  a 
180-degree  turn  as  the  stake  line  was  crossed. 
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PATH  OF 
CRAFT  C/& 
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In  general,  the  VA-3  operated  over  all  test  terrain 
satisfactorily.  The  major  problem  encountered  v;as  the 
directional  controllability,  especially  down\v....;d  and  over 
undulating  surfaces.  One  surprising  fact  was  its  ed>ility  to 
travel  over  shear  drops  with  no  resultant  contact  of  the  hard 
structure.  Its  ability  to  travel  over  a  leuid  surface  leaving 
little  or  no  in^rints  is  also  amother  interesting  side  ad- 
V2mtage. 

During  these  extensive  overlamd  tests,  ingestion  of 
foreign  materials  such  as  grass,  marsh  reeds,  semd,  ctnd  drift 
material  did  not  cause  any  measurable  erosion  of  centrifugal 
lift  fan  surfaces.  Propeller  tips  were  subjected  to  tnese 
same  foreign  materials  without  damage.  It  would  appear, 
therefore,  that  these  craft  can  be  progrcunmed  to  traverse 
beach  and  tidal  areas  without  undue  consideration  for  f2m  2u;d 
propeller  protections. 
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SECTION  VII 


RECCxMMENDATI  ONS 

A  broad  program  of  future  air  cushion  vehicle  development 
should  be  supported  by  additional  sea  keeping  trials  of  the  VA-’3 
in  sea  states  1,  2,  3,  and  higher.  Such  a  comprehensive  test 
progrcun  would  supplement  information  currently  available  from 
this  report  and  attainable  from  other  programs.  Specific  recom¬ 
mended  areas  for  development  follow: 

1)  Continue  development  of  operational  techniques  and 
handling  over  water,  land  and  in  conjunction  with 
amphibious  shipping.  This  can  be  accomplished  best 
in  an  exercise  with  the  Naval  Amphibious  Forces  in 
the  Norfolk  area 

2)  Use  the  VA-3  as  a  test  bed  for  development  of  flexible 
skirts.  Fabric  wear  characteristics,  fabrication  and 
attachment  methods,  and  fabric  strength  requirements 
cannot  be  satisfactorily  derived  from  laboratory  tests 
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j)  Establish  dynamic  stability  criteria  for  stiffness  and 
damping  in  the  natural  environment,  especially  in  short- 
crested  waves.  These  stability  criteria  would  be 
generally  applicable  to  all  air  cushion  vehicles.  The 
use  of  magnetic  recording  equipment  would  permit  more 
sophisticated  methods  of  emalysis 

4)  More  accurate  definition  of  drag  and  engine  thrust  can 
be  achieved  by  consideration  of  the  problems  cuid  im¬ 
provements  in  the  measuring  techniques  discussed  in  the 
drag  analysis  (Section  VIB) 

5)  Establish  structural  integrity  levels  by  strain-gaging 
critical  areas  such  as  panels  and  joints,  especially  in 
the  bow  sections.  The  structural  flexibility  of  the  VA-3, 
in  contrast  to  that  of  the  heavier,  less  flexible  Skimmer 
I,  represents  a  lighter  design  approach  to  impact  load 
relief.  Additional  data  is  necessary  to  support  the 
concept. 

6)  Install  high-power  propulsion  engines  to  e.r:tend  the  data 
acquisition  to  higher  speeds.  Optimization  of  power  re¬ 
quired  for  control  emd  maneuverability  can  also  be  achieved. 
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7)  Evaluate  existing  water  separation  methods  by  measure¬ 
ment  of  performance  in  the  actual  air  cushion  vehicle 
environment  rather  than  through  laboratory  simulation 
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SECTION  VIII 


REFERENCES 


A.  INTRODUCTION 

These  references  are  Vickers  reports  on  the  design  and 
development  of  the  VA-3,  In  the  titles  of  these  reports  the 
VA-3  is  sometimes  referred  to  as  the  Type  3031. 


B.  AERODYNAMICS  AND  HYDRODYNAMICS  REPORTS 
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of  Hovercraft 
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tion 
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S.  Smith  &  Sons  (England)  Ltd,  to 
Discuss  VA-3  Cabin  Heating 

The  Elementary  Theory  of  Hovercraft , 
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Perry  Service 

12. 

A/3031/16 

T^^'p©  3031.  Tests  of  Various 
Stability  Jet  Configurations 

13. 

DESAJ/AR/14814 

Technical  Report  on  VA-3  -  During 
the  Rhyl-Waliasey  Perry  Service 

14. 

F/3031/13 

Final  Report  on  Rhyl  Exercises 

I 

1 

15. 

F/3031/14 

Handling  with  Flexible  Skirt 

Fitted 

\ 

i 

16, 

Memo  12 

Summciry  of  Static  Tests 

17. 

Memo  13 

Additional  Static  Tests 

j 

I 

18. 

Hl/303lAERO/rR01  and 

02  Performance  of  VA-3  Hovercraft 

! 

1 

19. 
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20. 

ISH/3031/3 

Prediction  of  Maximum  Wave  Heights 
Between  Wallasey  and  RHYl 

21. 

V/3031/UYDRO/0i 

Hovercraft  Seakeeping  Trails  i 

22. 
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Notes  on  Visit  to  the  Headquarters 
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23. 
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Some  Brief  Notes  on  a  Visit 
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24. 
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APPEJIDIX  A 


ANALYSIS  OF  ROLL  PERIOD 

If  the  rolling  moment,  M^,  is  stated  as  =  28,585  y  lb-in,  y  being  the 
distance  of  the  center  of  gravity  relative  to  datum,  then  an  approximation  to  the 
curve  is 

M,  =  87,178  (b  +  5284  / 
c 

where  M  .  is  in  lb-in  units  and  <b  is  the  roll  angle  in  degrees.  Translating  to 
the  more  familiar  ano  convenient  lb -ft/rad  units  3rields 

=  0.4166  X  lO^C)  +  82.83  x  10^0^  lb-£t  (0  in  radians) 

Now,  stiffness  has  no  real  meaning  in  this  situaticn,  except  that,  for  a  small 
displacement  about  the  equilibrium  position, 

-  0.42  X  10®  Ib-ft/rad 

The  radius  of  gyration  in  roll  is  8. 1  feet,  so  at  the  test  weight  of  28, 585  pounds, 

L  =  1.875  x  10®  Ib-ft^ 

0 

The  equation  of  motion  can  thus  be  written  as: 

r 

0  +  M  =  0 

g  0 

Then  0  + - —  (0.4166  x  1O®0  +  82.83  x  10°  0^)  =  0 

1.875  x  10° 

or  0  +  7.15441  0  +  1422.47  0*^  =  0 
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The  above  can  be  solved  by  IXiffings  method  by  writing  the  equation  as: 

0  +  Of  0  +  /30^  =  0 

and,  ftsrther,  if  0^  is  roll  amplitude  (that  is,  maximum  roll  excursion  from  the 
level  position),  then  the  natural  fx'equency  can  be  shown  to  be 

=  a  +  3/4/80^^ 
or 

r  1  ,2^/2 

V  “  2i  +2/4;g0^‘^)  cps 


^bstituting  for  a  and  /3, 


APPENDIX  B 


ANALYSIS  OF  DAMPING 


The  heave,  pitch,  and  roll  motions  of  the  craft  are  assumed  to  be  uncoupled. 
In  the  roll  case,  because  the  forced  roll  oscillations  are  of  relatively  small  am¬ 
plitude,  the  nonlinearity  can  be  ignored  and  the  equation  of  motion  written  as; 

«  • 

0  +  D  ,  $  +  K  .  0=0 
0  0  0 

where;  A  =  roll  inertia 

0 

D^  =  roil  damping 
=  roll  stiffness 

0 


Note  that  although  this  is  a  treatment  of  the  case  of  the  roll  of  the  craft,  the  de¬ 
velopment  of  a  theory  for  oscillations  about  the  pitch  axis  is  identical .  Trying  a 
solution  of  the  form 

Then  +  D .p  +  =  0 

0  0  0 


or  p  = 


D  D  ^  K 

1—  i  _ 


2A 


■0 


A  2  A. 

4A^  0 


,K  d2  ^2 
Now,  writing  60  =  - r 

°  4A/  ' 

0 


this  is  the  "damped  natural  frequency"  of  the  roll  mode.  Because,  in  all  practical 
2  K 


D 


cases,  '  is  small  compared  with  ■  -r-  -  ,  the  damped  natural  frequency  will  only 

4A/  \ 

0 

differ  slightly  from  that  of  the  undamped  case. 


0 


-at  +  iwt  -at“iw  t 

0  =  B^e  ^  +  B^e 

or,  in  an  alternative  form, 

0  =  Ce”  sin  (co^t  +  c)  , 

Urns  it  is  evident  tliat  tbe  term  C  e  ”  will  form  tile  envelope  of  ma:dimum  or 

minimum  values  of  tbe  decaying  oscillations  following  a  disturbance  of  tiie  system] 

{ 

I 

Ibe  analysis  of  records  will  be  done  as  follows:  Succeeding  maximum  ex-  [ 

cursions  traced  by  tbe  decaying  oscillations  will  be  denoted  hy  6.  and  5,  . ,  at 

times  t.  and  t.  ^ . 
i  itI 

i 

Then  -at. 

6,  =  Ce  ' 

i 


B-2 


and 


-at, 


^i  +  1  " 


i  +  i 


or,  taking  the  natural  logarithms  and  subtracting, 
^e®l' *^8*1  +  1  “"<‘1  +  1 'V 


or 


1  ”i 

®  “  (t  ~  t  i  ft 

'1  +  1  ®  ®i  +  l 


or 


D  -  .  log 

(‘1.1  -  V  " 


Finally, 


X  = 


D 


D 


JA _ -  Jl 

-t,)  ^  6 


crit  crit  'i  +  i  i  ^ 


i  +  i 
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